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PREFAC E

Lxperience across the NATO community in general indicates that aircraft accident rates have not declined signifi-
cantly in the past decade, despite the fact that there is continuing development of safety equipment and various onboard
sub-systems designed to enhance safe operations; and despite the increasing emphasis upon flight safety education. Of
particular concern are those accidents attributed to human factors , of which “pilot error” is a subset. l’he cost in lost
aircra ft and crews is obvious and rising as both aircraft and aircrew training become more complex and therefore more
expensive. A further complication is the reduction in flying hours (and an increase in the use of simulators to replace
intlight training) necessitated by fuel constraints and declining “real dollar ” budgets. There is there fore a significant
need for the NATO aerospace medical community to focus renewed and continuing attention upon the problem of
aircra ft accidents where human factors play a role.

Because ut the urgency of the problems identified above, the Behavioral Science Subcommittee of the AGARI)
Aerospace Medical I’anel (AM P) decided that a conference dealing with the human factors aspects of aircra ft accidents
was in order. This conference is, in essence, a followup of a conference sponsored by AMI’ in September l973 (AGARI)-
(‘P- I 32). Inasmuch as aerospace medicine embraces a wide range of disciplines and problem areas, the session considers a
diversity of problem areas. Papers were solicited on topics such as:

( I)  Factors contributing to pilot incapacitation (partial or comp lete)
(2 ) Human factors design deficiencies which enhance the probability of an accident
(3) Human factors improvements which reduce the probability of an accident
(4) Analyses of the underlying mechanisms of “pilot error” accidents
(5) Analyses of significantly large sets of accidents which identify or reject global assumptions/hypotheses

regarding causes of human factors accidents (“data base” surveys/analyses would be useful)
(6) Lessons learned or to be learned from investigations of incidents
(7) Techniques for the investigation of accidents/incidents , with specific attention to the demonstrated usefulness

of such techniques

We were fortunate in getting an excellent response across this entire listing.

An overview of the papers being presented is in order. There were 2 invited speakers. The first was l)r Anchard
Zeller, from the Life Sciences Division of the USAF Inspection and Safety Center at Norton Air Force Base . California.
Dr Zeller has spent many years on the analysis of aircraft accident data and has numerous publications, lie is a
recognized leader in accident research in the United States. Dr Zeller’s paper dealt with 2 questions: where have we
been?; and what is the current status? The second was Col, Leonard Johnson of the USAF Medical Corps. Dr Johnson
is a board-certified flight surgeon with extensive experience in the USAF Tactical Air Command and, in particular, with
the F-IS. lie is currently Director of Professional Services at h eadquarters TAC, Langley Air Force Base, Virginia.
Or Johnson’s paper dealt with the question: where are we going?

As for the remaining papers, there were presentations on:

( I) A paper on the interaction of human factors problems with primary accident causes
(2) A paper on the role of the psychologist in accident investigations
(3) 3 papers on methods of investigations
(4) 2 papers on the mid-air situation
(5) 2 papers on pilot disorientation or incapacitation
(6) A paper reviewing the “incident/accident” spectrum

The speakers provided good representation of the NATO nations: Belgium, Italy, Canada, Federal Republic of
Germany, the United Kingdom, and the United States.

BRYCE O.HARTMAN
Session Organizer 
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TECHN I CAL EVALUATIO N REPORT

The eleven papers in this symposium on the Human Factors Aspects of Aircraft Acc idents and Incidents
covered a broad spectrum of accident area s and a number of diffe rent approaches to the problem , ranging
from global overviews to extens ive listings of specific factors. This TER w i l l  focus on the more provoca-
tive generalizations and observations and then turn to extracted listings as presented by several authors.
The latter are particularly useful in that they provide a “shopping list” which can be used by the research
cociminity of ~IATO in developing R&D programs In accident analysis and prevention.

The first and the last papers propose, appropriately, models which permit the structuring of a gen-
eral framework within which the aircraft accident problem can be attacked. Zeller ’s model is that of an
integrated management system incorporating three approaches: (a) the administrative approach , the most
counonly applied , in which the focus is on investigation , analytic evaluation , and corrective actions for
identified problems1 (b) the scientific approach which consists of a systematic evaluation of human limits
relative to the man-machine environment; and (c) total system management, which calls for new procedures
and concepts. Zeller emphasises the need to exercise all three approaches. Zeller also made several
significant points: (a) accident rates are the usual statistic, and in this format human factors accidents
show little improvement over the years, but If absolute numbers were the report format , there has been a
major improvement over the years; (b) in investigation s, the focus in on what happened , but we need more
energy devoted to ~~ (Is this the real research task ?); and finally (c) most accidents result from a
gradual erosion of pilot capability or a gradual increase in situational demands or both.

Tepper’s model is drawn from the physiological domain; it Is the application of the Selye General
Adaptation Syndrome (GAS) to the accident problem. GAS focuses on combined stress; in the accident area,
three classes of stress exist: physical , cognitive , and emotional. The Selye model conceptualizes three
stages of stress response: the alarm reaction, stage of resistance, and stage of exhaustion. Tepper
provides lists of factors for his three classes of stresses and then augments GAS by adding the concept of
“explos ive” events: abruptly presented situations with potentially catastrophic outcomes, which are
inherent in the speed and complexity of the aviation environment. He then provides additional concepts
which identify background factors (overweight, hangover, smoking, etc.) which further impair the pilot ’s
capability to meet mission demands. Tepper’s approach is particularly reconinended as instructional
material for pilots.

Johnson ’s paper started with an exceptional effective historical Yeview of aircraft performance
growth followed by analysis of human factors in the medical domain and the relationship between these and
the operational environment. The listing of factors will appear later in this TER. This paper is also
recommended for use in training programs for pilots. Johnson ’.. conceptual orientation was the disequi lib-
rium between the functional characteristics of man vs~ operational demands and the simultaneous disequil-ibrium between aircraft performance characteristics vs. operational demands. One interesting proposal he
makes was the e~tablishnent of a nATO accident information gathering and dissemination office, a proposalof considerable merit.

Two papers (Hoffman, Weber) deal specifically and concretely with the application of the laws of • .1
optical physics to the detection of aircraft (the mid -air collision problem). The second of the two pro-
vides the methods required to perform analyses of mid-air collisions or near-misses. Such methodology,
if routinely applied , would enrich considerably the data obtained from accident investigations , not to
mention providing the expository “why” of some accidents not otherwise explicable. Hoffman proposes
training programs specifically directed toward the requirement for detecting other aircraft in one ’s own
airspace.

Training , in fact, was discussed by several authors. We recognize that safety education for pilots
exists in all NATO air forces, but the scientists coming together in this symposium strongly supported
the need for human factors accident revention. This was also discussed with some vigor during the round
table d1scussT~~

” It would be a tra n ng program significantly different from current flying safety
programs, would require innovative course content and procedures, and would probably require considerable
support (and progress) from the research community, given that we are not entirely sure of the taxonomy
of human factors aspects of aircraft accidents.

This reviewer invites the reader’s attention to two papers dealing with “how to’ do elements of the
investigation phase of aircraft accidents. Paoluccl describes how interviews should be conducted,
emphasizing the need to gain the interviewer ’s conf idence, conducting interviews one-on-one, preventing
cross-talk between Interviewers if possible , and follow ing a standar di zed, logically organized set of
questions in mach interview. Green describes how the psychologist should function in an interview and
provides a number of interesting case histories. Both techniques are recommended to investigation teams.

One paper deals with a truly unique kind of disturbance in pilot performance: geographic disorien-
tation. The author, Taylor, defines it as loss of awareness of the position of the aircraft in relation
to geographic points. In this paper, we are reminded that man has no innate sense of awa reness an d is
therefore dependent on various kinds of navigation aids and displays , sup pl emented by internal functions
such as memory plus interpretation and integration of displayed Information. The significance is that the
sudden realization of geographic disorientation can lead to panic and confusion , resulting in inappropriate
and sometimes catastrophic pilot behavior. Better aids and specialized training is recommended.

This review would be deficient If the several listings of human factors were not presented. In the
following are the factors identified by various authors , unedited and with no attempt to define, remove
duplica tes, or organize into a total gestalt. This latter task would be a formidable undertaking; it
might be a most worthwhile task for an AMP working group.

• 1  -- -. --- -~ ..- -~~_ _.~~~~~-~~~~~~~~~ -.- - - -  _ __ _  
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Zel ler Johnson

Physical strength and stature Courage
Anthropometrics Coordination
Visual acuity Comprehension
Visual distortions Vision-finite time to see, focus, identify
Attention provoking lighting Cardiovascular-heart rate, rhythm and stroke
Sensory compatibility volume limits
V isual time lapses Pulmonary-respiratory rate, gaseous exchange
Autokinetic effect system
Empty field myopia ENS-cerebral electrical activity , TUC
Photic-orivine phenomena Psychiatric-timeliness and orderliness or
Dark adaptation decision-making
Aging process t4i scu loske leta l-str ength . duration , purpose-
Transfe r of training fulness of muscular action
Retroact ive and proact ive inhibition Endocrine-ho rmonal projection , quantity and
Temperament balance
Peer pressure Acceleration-switchology
Ego function Speed-closure rates, egress
Physical and psychic incapacitation Maneuvering-high—G -. (KG rhythm, ventr icular

filling defects, blackout
Low-level flight-situational awareness,

judgment
Delivery tactics-target fixation
Weapons selection-switchology , fat igue
Target 1.0.-communications with GCI controller-

fl ight members
Mission profile—fatigue, low-level
System failures-workload
Wx-ther mal stress
Deployments-circadian rhythm, rest, nourish-

ment

Fflon Green

Total flight experience Personality- ’ adventurousness ”
Flight experience specific a/c Violation of flight discipline
Excessive confidence Misperceptions
Attention deficiencies False hypotheses
Errors of interpretation Psychomotor programming errors (likely with
Late decisions highly experienced)
Excessive competition Visua l illus ions
Incorrect procedures Misleading visual information
Fa i lure of automa ted system
Insufficient mission preplanning
Marginal operational conditiôns
Fatigue/stress/illness
Vertigo/disorientation
Questionable medical status
Questionable neurologic status
Questionable psychologic status
Leadership deficiencies
Deficiencies in dIrectives/briefings/specIal

information

Paolucci Hoffman

Behavior habits Visua l detection
Worries Recognition )
Fatigue Identification ~ Information Processing
Drugs Class ifi ca tion J
Eating habits Luminance
Flight experience Contrast threshold
Diseases (family) Horizontal standard visibility
Previous accidents Inherent contrast
Duty changes

L 
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Reader Taylor

Nausea Inadequate information (navigation)
Vomiting Interpretation errors
Abdominal pain False expectancy

• Diarrhea Visual and vestibular cues
• Earache Complex ATC procedures

Faintness Pilot workload
Headache I l lus ions
Vertigo Human engineering deficiencies
Loss of consciousness
Hypoxia
Disor ientation
Hyperventilation
Coronary disease

Haa konson

Degraded judgment
Carelessness
Inattention
Poor technique
Cognitive stress
Emotional stress
General adaptation syndrome
Inactivity
Turbulence
Noise V
Equipment encumbrance
Preventive thinking
Alertness
Level of training
Confidence in self/equipment
Familiarity with aircraft/route/airport
Peer/supervisor pressure
Hunger
Hangover
Anger
Frustration
Guilt I
Oversensit lvity
Marital stress
Personal li festyle

_ _ _ _ _ _ _  
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THREE DECADES OF USAF EFFOR TS
TO REDUCE HUMAN ERROR ACCIDENTS

1947-1977
by

Anchard F. Zeller , PhD
Research Psychologist
Life Sciences Division

Directorate of Aerospace Safety
Air Force Inspection and Safety Center
Norton Air Force Base , California 92409

USA

SUMMARY

The very impressive accident prevention efforts of the United States Air Force
(USAF) in its air operations are well known . In 1977, 30 years after its formal incep-
t ion , major accidents had been reduced from 1,555 to 90. The rate reduction is equally
impressive——from 44 accidents for each 100,000 hours of flying to 2.8 on the same basis.
Frequently not recognized is that human error associated with these accidents has been
reduced as much as materiel and other involvements. Analysis of the preventive efforts
shows three dist inct , although overlapping , approaches which have been employed. The
admin istrative approach is the best known . This investigate—evaluate-fix cycle is the
common dimension of almost all accident prevention effort. The scientific approach
supplements the information by centering upon a systematic and intensive evaluation of
human limitations in a defined man/machine setting . The third concept——total system
management——emphasizes improvement in the management of the entire system , though the
details of what will be instrumental In the prevention of a specific accident are often
not def ined . In practice , a viable accident prevention program incorporates all three
approaches , with emphasis defined in relation to need .

A discussion of human error accident prevention must , in the f inal anal ysis , be
synonymous w i t h  an examinat ion of the total  prevent ion program , for  human error is
indeed the major component in accidents. Because human error can occur to anyone in
any facet  of Air  Force operation , the program must encompass al l  aspects. Whi le  the
LISAF , formerly the Army Air Corps , has always had an accident prevent ion e f f o r t , the
incept ion  of the program cu r r en t ly  in force stems from the losses being experienced
during the early years of World War II. In 1943 there were 20,389 major aircraft
acc idents in the continental United States for a rate of 64, based on 100,000 hours of
flying. During that year there were 5,024 aircraft destroyed in accidents , in con tras t
to 3,847 destroyed in actual combat. Fatalities were equally disproportionate. The

• USAF accidents in the con t inen ta l  Uni ted  States. for a 6 month period, accounted for 3.426 fatalities, in
con t ras t  to 2,392 lost through combat . General Hap Arnold , on the basis of this record .
directed a major revision and expansion of the accident prevention effort.

By 194 7 , when the Air Force was established as a separate service , the number of
major accidents had been reduced to 1,555 , and , more impressively, the accident rate had
been reduced to 44. During the three decades of its history , th is downward t rend  has

• continued (see Figure 1). The 10—year trend lines , superimposed on the basic data ,
demonstrate the increasing difficulty of further improvement with time . The 87 accidents
experienced in 1976 , for a rate of 2.8, indeed represent a notable reduction for three
decades of operat ion , but present a great challenge to further reduction . The 90 acci-
dents , for a rate of 2. 8, in 1977 , which initiates the fourth decade of Air Force opera-
tions , are indicative of the difficulties which will be encountered in further reductions .

While the change in the accident rate is impressive , an equally impressive and more
constant measure of progress is fatal accidents , which during the three-decade period
were reduced from 205 mishaps , with a rate of 6, to 33 fatal mishaps , for a rate of 1.
three decades later. Again , the 10—year incremental trend lines (Figure 2) demonstrate
the marked improvement but also the increasing difficulty of further improvement with
time . This 13 again emphasized by the 1977 record of 39 fatal mishaps , also for a rate
of 1. Another constant measure is the aircraft destroyed rate (Figure 3). This follows
the same pattern . From 536 aircraft destroyed in 1947, for a rate  o f 15 , i t has
decreased to 88 destroyed aircraft in 1976 for a rate of 2.20. The 1977 record of 78
des t royed a i r c r a f t , for a rate of 2.4, further documents the increasing difficulty of
further improvement as the numbers become increasingly smaller.

An interesting observation when causation is considered is that , relatively, the
human factor aspects of accidents have decreased as pronouncedly as the materiel and
other considerations. Historically , human error accounts for from one—half to two-
thirds of all accidents , with a major portion of these errors being attributed to the
p ilot orerator. Of the 90 accidents which occurred in 1977, 17 were attr ibuted to 1
human er ror , 26 were attributed to multiple but only human error , 21 were ascribed to
I materiel failure , 3 to multiple but all materiel failure , and 23 were partly human
and partl y other factors . Collectively, 135 unsafe acts and 72 unsafe conditions were
assessed in the 90 accidents.
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• Although the Air Force has modified its assessment of causes so that a primary is no
longer the standard measure , a review of the 1977 accidents for comparability purposea
indicates that 30 percent would have , under the old system , been attributed to the
pilot. A comparison of this with records of the past supports the relative constancy of
human , and specifically operator , involvement. Supportive of this is that of the Spe-
cific errors , the greatest number was associated with poor technique in flight , followed
by various forms of maintenance error , wh ich was, in turn , followed by various super-
v isory unsafe acts.

In order to achieve the very real gains demonstrated , and as methods fo~ engaging
the problems which remain , three interrelated and overlapping systems for human error
acc ident prevention have evolved. These might be designated the organizational approach .
the scientific approach , and the management approach.

The organizational approach (Figure 4) has as its focal point the evaluation of
those acc iden ts whi ch do occur , with a view toward determining cause and developing
remedial measures. Conceptually, this method of dealing with prevention may be con-

• sidered a closed circuit feedback system which starts with a pre-accident plan involving
the development of appropriate forms for recording and personnel for investigating .
Once the accident has occurred , an intense investigation is conducted . A great number of

• items of information are systematically recorded and carefully stored for subsequent
retrieval and analysis. The analysis of individual and collective accidents leads to
categories of causation of varying degrees of importance , which then serve as the basis

• for recommendations . These may take the form of general information distribution or may
relate to specific fixes which need to be accomplished. The changes in the system are
then implemented. Only subsequent experience will indicate whether the recommended
act ions have been effective in preventing future accidents. This classical approach is
common to essentially all accident prevention efforts and serves as the basis for
organization as well as for a prevention program . Meaningful implementation of this

• organizational system requires that information for further analysis of human activity
be collected and that appropriate forms be developed before systematic recording. The
investigation , to be adequa te , requires participation by specialists in the human factors
area , and the analysis must include both the dynamics of human interactions for individual
accidents and employ carefully considered analytical techniques for extracting maximum
meaning from data obtained from accidents collectively , The other steps in the sequence
must assure equal concern for the human elements in addition to the more usual concen-
trated attention on the machine variables . --

The primary difficulty from the human factors standpoint which this approach high—
lights is that “what ’ happened can be documented , frequently with astonishing precision ,
but that “why ” it happened often remains obscure . The fact that over half of all acci—

• dents are attributable to human error is a standard finding of this approach , yet why
the human error occurred is most frequently not defined .

The need to determine why In order to pursue more definitive remedial actions has led
to a number of activities . Among the more systematic of these are those which consider
the human in a man/machine context as a part of a total system . The design parameters
of both the man and the machine and the interface variables become subjects of system-
atic analysis. In such a system , the man/mach ine in teract ion may be cons idered as a
dynamic closed feedback system along a time continuum (Figure 5). Here , man ’ s portion
of the man/mach ine activities can be considered as a series of perception/decision/
response activities . For a comprehensive human factors evaluation , the po in ts of inter -~
action between the man and machine at the perceptual end of the time sequence and the
interf ace between the man and the machine at the response end of the man ’s portion of
the interact ion also need cons idera tion.

In considering both the input and output interfaces , as well as the perception/
decision/response sequence itself , there are a number of variables which are an inherent
part of man ’s design and which can be profitably examined for their potential contribu-
tion to human error. These might be classed as the five ‘Ps” : phys ical , physiological ,
psychological , psychosocial , or pathological limitations or strengths. As these are
systemat ica l ly  stud ied , some whys of human error become more clearly defined and the
reason for the human contribution to mishaps more clearly understood .

Some of the more obvious physical factors which have been found related to successful
man/mach ine operation are physical strength and stature . As in so many instances where
human limitations are involved , the limitations seldom change , but changes in require-
ments frequently br ing specific limitations into focus as a meaningful issue. For
example , the recent emphasis upon increasing the number of females in the Air Force popu-

• lat ion has resulted in efforts to document the effects which these changes will have upon
the requirements for strength and physical size . The resulting decisions must then be
implemented either through changes in the personnel selection process to insure that
only those with sufficient physical strength are assigned to specific tasks , or tha t the
task requirements are modified to fall within the capabilities of those assigned to per-
form them. In actual practice , both alterations are involved .

In addit ion to the general anthropometric area , a study of physical ,,limitations
includes the sensory funct ions . Because vision plays such an important role in the
acquisition of information to be processed , it is understandable that this area has
received a great deal of attention . Considered have been basic acuity; the role o~ dis-
tortions, particularly important in the design of windscreens; attention-provoking
characteristics , related to the selection of anticollision lights; sensory co~lpatib illty,
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of great importance in understanding and preventing vertigo/disorientation mishaps ; and
visua l time lapses , of pertinence to an understanding of displacement in space of moving

• objects. Some of the more esoteric visual phenomena , such as the visual autokinetic
effect , empty field myopia , and the photic-driving phenomenon , have also been examined .

• All of these , together with relatively mundane phenomena such as dark adaptation , have
• direct imp’ ications for the design of equipment as well as for operat ional restrictions

in some instances.

The other senses , al though of lesser importance in this context , also have limita-
tions and attributes which have implications for successful man/machine integration .
The aud itory sense is important in obtaining information which must be both audible and
unamb iguous . Further exploitation of this sensory modality offers potential as a
veh icle for warn ing and informa ti on systems .

Collect ively, then , physical strengths and limitations , when considered systemati-
call y, can have a very direct bearing upon the success or failure of the perception !
decision/response sequence in the man ’ s side of the man/mach ine system.

The list of physiological variables which have been evaluated in relation to effec-
tive and efficient performance is multitudinous . Examples of these include all of the
studies on the role of oxygen and the need for terrestrially equivalent environment
regardless of the altitude at which aircraft are operating . The many centrifuge studies
investigating both physical and physiological tolerances have added greatly to the
definition of the limits past which operation cannot be effectively conducted without
compromise and have led to the development of a variety of equipments aimed specifically
at compensating for human limitations . The role of fatigue and the need for systematic
control of rest periods have been important in the development of crew rest requirements . S

The effects of a great variety of toxic substances on the human body and its ability to
perform have been studied and the results directly reflected in controls and limitations
on toxic emissions . The effects of alcohol and the real need for understanding its role

• in deteriorating efficiency have been the subject of many and varied evaluations , With
the increasingly popular consumption of drugs other than alcohol ,the role and effects
which these play on skilled performance and the restrictions on their use which need be
considered have more recently come into prominence.

Ano ther human var iab le with major phys iolog ical as wel l as physical and psychological
components is the aging process itself. Many studies , both of an individual and sta—
ti st ical nature , have resulted in insights which have direct influence upon an under—
standing of risk associated with utilizing persons in various age categories for tasks
of varying degrees of complexity.

Human psycholog ical variables can be considered grossly as those of a cognitive or
emotional na tu - 

~~. The cognitive area incorporates recognition that there are great
individual differences in capacity and in aptitude for various kinds of activity. The
role of learning and the best methods for producing a trained person have been and are
currently the focal point of much serious and concentrated study . The phenomenon of
transfer of training, how it can best be accompl ished , what functions can be best
developed with simple training aids , or even with the use of sophisticated simulators
in contrast to actual aircraft experience , are all of very current and very practical
interest. Statistically, the roles of accidents in relation to various phases of learn-
ing, the need for and the optimum amount of current experience in relation to various
levels of overall background experience , all have pract ical impl ications for not onl y
successful operation but also for the control of human error and the maximizing of acci-
dent prevent ion. The phenomena of both retroactive and proactive inhibition , more com-
monly described in Air Force circles as “hab it interference,” have major implications
for the prevent ion or facilitation of human error through design astuteness or ineptness.

The emotional areas of concern , while less tangible , are almost universally accepted
as being important to successful accident-free operation . There have been and are con-
tinuing evaluations of the role of temperament in relation to aptitude for specific
kinds of activity. The role which either transient personnel variables or more deeply

• rooted psychic pressures have upon the propensity for accidents has been studied exten-
sively. Wh ile the role which accident proneness plays in specific kinds of accidents
remains obscure in spite of the hundreds of studies in the area , the ins ights wh ich have
come from these studies collectively demonstrate the importance which definition of this
area may have for successful completion of the perception/decision/response sequence in
a successful man/mach ine operation . Without attempting to summarize the results of

• either the cognitive or emotional aspects of psychological factors , the information
wh ich has been developed validates the accepted Importance of this area and the need for
continuing definition of its subcomponents.

Psychosocial forces are also of demonstrated importance. The impact of peer pres—
• sures and social mores on group activities is well known . In the understandi’~g and con-

trol of human error , it is possible that this is a variable which has been relatively
neglected. Evaluations from accidents do indicate , however , that performance Is
directly related to the expectations of the group . If the social climate is one where
adherence to discipline and procedures is the accepted standard and where deviates are

• ostracized , then precision accomplishment can generally be anticipated . On the other
hand , if the social atmosphere is one where violations and deviations are the accepted
norm , and are not only condoned but rewarded , then this kind of activity can be expected. 

_ _
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A recent series of studies has indicated that the major factor in escaping from a
disabled aircraft Is the decision to activate the mechanism. Various reasons have been
postulated for this , relating to ego involvement , expectations of peers , and fear of
reprisal by supervisors . It is generally accepted , however , that a change in attitude
regarding this decision process is the only real hope for improving the survival rate
following eject ion , as the hardware malfunct ions remain a negligible factor in the
adverse results.

Pathology , by definition the operation or maintenance of a system , depends upon
individuals who are both physically whole and psychically sound . The Air Force system
of screening is such that physical incapacity is seldom a factor In aircraft accidents.
The infrequency of this attests to the very real success which has been achieved In the
screening process. The few cases which remain document the need for continuing effort .
More common than major physiological adversities are the minor ailments which neither
the individual nor the system recognizes as important , but which still have an impact on
efficiency . Self—medication for these frequently aggravates the problem.

Psychic incapacitation is equally rare , again attesting to the effectiveness of the
screening, training, and procedural system which controls Air Force operations. The few
frank psychiatric disturbances which do occur only reinforce an awareness of the effec-
tiveness of the system. These also demonstrate the need for continued monitoring to
improve an effective system.

By definition , this summation of the human variables , which can be considered perti-
nent both to an understanding and to an improvement in the efficiency and effectiveness
of the perception/decision/response sequence , is illustrative , not all—inclusive . It
does demonstrate how such considered evaluation can supply background information which ,
in at least some instances , defines the whys of human error in contrast to the grosser
assessment that the human system failed . Further refinements in this area offer great
promise for an increase in operational efficiency and effectiveness as a concomitant of
reduction of human error and reduction in the probability of accident.

While the organizational and scientific approaches do much to clarify the role of
the human and steps which must be taken to preclude his error ’s being a factor in acci-
den ts , there are , realistically, st ill many accidents wh ich do occur for wh ich the
“why ” remains obscure even after intense investigative analysis utilizing the best
scientific information available. This has led to a third approach to human error
accident prevention . This approach is based on the assumption , supported by many evalu-
at ions , that improvement in each sequential step of the acquisition and use of both
people and equipment will result in a better operation and will involve a decreased
potential for accidents. These steps for the utilization of people involve , in
sequence , selection , training , and operational use , with programs related to these to
assure appropriate motivation and equipment optimization for the mission to be performed.

Included in this total system integrated management must also be recognition of the
role and need for change . As circumstances and modified requirements change the role of
the man and machine , the variables associated with this must be reexamined to assure
that what was adequate or even optimal for one period has not deteriorated to the point
tha t  it is no longer appl icable.

Selection is based on the recognition of the fact that some individuals are better
suited for some tasks than others. Since World War II , efforts have been made to
develop selection tests or techniques for aircrew members which would assure minimum
losses during training and maximum effectiveness in an operational setting following the
training period . These efforts continue . While the specific role which some variables
may have in accidents is sometimes difficult to define , the fact that an individual with
greater propensity for the task to be accomplished is carefully chosen implicitly sug-
gests that the probability of human error which will lead to accidents has been
decreased. By a sim ilar rat ionale , improved train ing can be supported , although the
specific factor which may have led to a given accident may not be definitively isolated.
If the individual is trained in the best known methods , if aids with the best demon-
strated effectiveness are used , if the training is consequently redefined to assure that
it is directly oriented toward the ultimate task to be accomplished , the assumpt ion must
remain that the probability of human error accidents based on lack of information or
experience has been reduced . Comparably, assiduous attention to the rules and regula-
tions by which Air Force people operate to take account of the limitations of the human
in relation to the mission to be accomplished must surely decrease the probability of
accidents. If more than one crewman is involved , the roles and interact ions of the
crew must be clearly defined and practiced ahead of time , and the h i e r a r chy  of con trol
in terms of command and traffic systems must be understood and accepted . Constant prac—
tice to assure that known effective procedures become an integral way of life for the
individuals concerned , with adequate emergency training which will assure that the indi-
vidual can assess when a deviation is in progress as well as know the remedial actions
to take, can surely help in the prevention of accidents.

Associated with the mechanics of the use of man and equipment to accomplish the
mission must be a recognition of the dynamic roles which motivation plays in assuring
tha t competent people are appropriately alerted to the needs for utilizing the talents
and skills which they have in an optimum fashion . This means that there must be a
clear understanding by all concerned of the need for the activity and its requirements
and that these be considered in relation to individual limitations. Education , in a
broader sense than techn ical proficiency , is an integral part of this approach to 
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accident prevention . It involves the development of attitudes which accept the impor-
tance not only of the mission but also of the need for safety I! it Is to continue to be
accompl ished in a satisfactory manner. Another aspect of this people recognition is
acceptance that people need security with opportunity for professional , personal
development and other forms of advancement. The Air Force , in recognition of this , has
major programs directed specifically at the management of its rated personnel to assure

• tha t , w ithin the limits of mission requirements , these other considerations are kept in
focus .

This concept of integrated management of the entire system , taken in conjunction
with the scientific material and synchronized with the organizational approach , repre-

• sents a 3-pronged attitude on accident prevention . At times , one approach is emphasized
in contras t  to the  others , but in the final analysis , all are necessary for a flexible
prevent ion program . Indeed , f lexibility is one of the major keynotes of success , for ,
while humans ’ propensity to err changes little , the opportunity to err is directly
related to the equipmont and situation , wh ich means that prevention programs must con-
stantly be alert to the tact that these change .

• The discussion of why human error occurs is conceptually relatively simple to demon-
• strate. As the preceding analysis has indicated , the quantified details of this con-

ceptual “why ” f r e q u e n t l y  are d i f f icul t and , at times , the variables themselves remain p
1

obscure . Conceptually , however , the mechan ics of an accident can be considered in
terms of the level of competence and a level of demand (Figure 6). As long as there is
a wide margin between these two , no accident will occur. If catastrophic mechanical
fa il ure occurs , the ind iv idual , no matter how competent , cannot prevent the acc ident.
On the other hand , if the individual becomes completely incapacitated , the le vel  of

• demand , no m a t t e r  how m in ima l , st ill exceeds his capability. In  most Instances , how—
ever , acc idents  do no t occur because of these drast ic ci rcumstances , but are rather the
result of a gradual erosion of capability and/or a gradual Increase in situational
demands . At the point that the demands of the situation exceed the capability of the
man , at that moment an accident occurs. During the three decades that the Air Force has
been in existence , its history clearly indicates that the systems which have been
evolv ed are , in f a c t , effective in assuring that situational demands do not exceed
human capability. The fact that accidents are occurring which , In retrospective evalus-
t ion , could have been prevented , demonstrates that the approaches utilized need to be
cont inued and refined if further reductions are to be achieved . The historic record
would give great promise that this can indeed happen , so that accidents , even human
error acc idents , can be prevented.

In summary , the Air Force has , faced with the problem of reducing accidents ,
developed a variety of integrated systems which , when implemented as intended , do , in
f ac t , ach ieve this end. No organization for accident InvestIgatIon/evaluation is suffi-
c ien t ;  sc ient i f ic info rma t ion , unless appropriately Integrated into the system , Is not
sufricient. The general improvement of the entire system through astute integrated
management also is not sufficient alone ; but when all these approaches collectivel y are
utilized , the result is a marked reduction in accidents associated with enhanced offi—
cien cy at decreased costs , whether measured in terms of manpower , equipment , money , or

• time .
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MEDICAL AND OPERATIONAL FACTORS
OF ACCIDENTS IN ADVANCED FIGHTER AIRCRAFT

LEONARD W. JOHNSON , JR. , Colonel , USAF , MC
Chief , Aerospace Medicine Division
Headquarters Tactical Air Command

Langley Air Force Base , Virginia 23665

SUMMARY

Flying advanced high performance fighter aircraft requires of man , courage , coordi-
nation and comprehension of the flying machine and its capabilities , the flying environ-
ment and its challenges , and man ’s physiology and its limitations . The proper mix and
interface between improving aircraft capabilities and man ’s capabilities and limitations
produce success in aerial and aerospace operations . A dysequilibriuin between the medical
and operational aspects of man and aircraft combine to produce accidents. This paper
addresses some of man ’s physiological systems and advanced fighter aircraft characteris-
tics. It discusses multiple operational requirements imposed on men who fly high per-
formance fighter aircraft. It also discusses the interface between the operational re-
quirements imposed on men who fly high performance fighter aircraft and the medical
aspects of some of the accidents therein related . A proposal for the establishment , in
NATO , of a viable aircraft accident information gathering and disse-iination program which
would prevent accidents in advanced fighter aircraft is made .

Just seventy-five years ago next, month , man for the first time enjoyed the phenomenon
of sustained powered flight in a heavier-than-air flying machine . It took him less than
ten years to realize the utility of this invention as a weapon of war . The airplane
offered the warrior unprecedented speed , maneuverability, and weapons delivery advantage .
It required of man courage , coordination and comprehension - comprehension of his flying
machine and its capabilities , his flying environment and its challenges , his physiology

• and its limitations .

The simplicity of this marriage of man and his flying machine soon became complicated
as man sought to expand the performance envelope of his aircraft and his own physiological -

•

envelope . He discovered rather slowly at first and more rapidly later that the aircraft
performance envelope was more elastic and expandable than man ’s physiological envelope.
Hence , we see aircraft speed , maneuverability and weapons delivery capabilities continuing
to increase even today as man requires higher performance from each succeeding generation
of aircraft . Meanwhile , man ’s cardiovascular , pulmonary , musculoskeletal and central
nervous systems limits have been and are being more finitely and discreetly defined.

The proper mix and interface between the improving aircraft capabilities and man ’s
capabilities and limitations produce success in aerial and aerospace operations . A
dysequilibrium between the characteristics of man and his flying machine or the medical
and operational aspects of man and aircraft combine to produce accidents. Thus, it is
the medical and operational factors of aircraft accidents in advanced fighter aircraft
that I wish to address today .

A historical perspective of advances in fighter aircraft reveals that major wars
appear to describe the limits of a generation of aircraft . Each generation builds on
improvements garnered from the previous one . A simplistic overview of five major wars
(WW I, WW II , Korean , Vietnam , Next) and the advances in fighter aircraft reveal the
following :

WAR FIGHTER AIRCRAFT

World War I Slow , open cockpit , fixed gear , biplane

World War II Faster , closed cockpit , retractable gear ,
cantilever wing

Korean Fas ter , pressurized cabin , swept wing , jet
propelled

Vietnam Supersonic (dash) , air-to-air refueling ,
radar target acquisition

Next Supersonic (sustained), high sustained C
maneuvering , variable geometry wing , long
distance target acquisition and weapons
delivery

Volanti Subvenimus - We Support the Flyer - is the motto of the United States Air
Force School of Aerospace Medicine . Volanti Subvenimus might well be considered the
motto of all physicians the world over, who are concerned with the health , welfare , and

_ _ _  -- -•-—• •-.- -• - — -— • •• ~~~~- •-.• -•• - --• - • •~~~~•--- • -•~~~~~~~~~~ ~~~~5--.• • • - - - • • •~~~ 
_ _



B~-2 

• - - --

performance of those who fly advanced fighter aircraft. Today , more than ever , the need
for medical and operational support for flyers is paramount , especially in view of the
higher performance capability of the aircraft for tomorrow ’s war , which are already here
today .

For the first time in the history of fighter aviation , we now have an abundance of
fighter aircraft capable of imposing physiological stresses on man for sustained periods
of time which exceed man’s anatomic and physiological design . These are truly high per-
forinance advanced fighter aircraft .

Some of the physiologic systems and their constants to be considered in high per-
formance fighter aviation include but are not limited to :

Vision - finite time to see , focus , identify

Cardiovascular - hear t rate , rhythm and stroke volume limits

Pulmonary - respiratory rate , gaseous exchange mechanism

4 
Central Nervous - cerebral electrical activity, time of useful consciousness
Psychiatric - time and orderliness of decision making

Musculoskeletal - strength , duration , purposefulness of muscular action

• Endocrine - hormonal production , quantity and balance

Some of the characteristics of high performance advanced fighter aircraft include but
are not limited to:

Acceleration - less than 30 seconds standing start to supersonic speed

Speed - sustained supersonic flight , top speed above Mach 2 -
•

Maneuverability - High sustained C (+6G longer than man ’s normal physiological
endurance) in three dimensional flight

High Thrust to Weight Ratio - greater than 1 to 1

Low Wing Loading •
Variable Geometry lu ng

Air Refuelable

• Afterburner Equipped

Advanced Target Acquisition systems providing target data of speed , altitude ,
direction , closure rate over great distances (beyond 160 Kin)

Weapons Variety - Cannon , short , medium and long range missiles P
Single and Dual Place Cockpits

• Please permit me at this time to present some of the operational requirements and
factors imposed on men who fly high performance fighter aircraft and the medical aspect
of some of the accidents which have occurred in these aircraft.

a. Acceleration - medically, man must perform the necessary cockpit actions to cause
the aircraft to become airborne or change speed while airborne . Buttons must be pushed ,
levers moved , instruments and gauges monitored , preparations for emergency action taken ,
emergency procedures made readily accessible (through memory or reading). Engine failure
on take off and/or while maneuvering , failure to rotate , over rotation have all produced
accidents.

b. Speed - closure rates produced by converging high speed aircraft can preclude
• sufficient time for aircraft identification and proper evasive action and result in midair

collisions. A requirement to egress (bail out/eject) from jet aircraft at high speeds
produce flail injuries , contact with aircraft parts , personal equipment damage and mal-
function , other bodily injury and death.

c. Maneuvering - high sustained G forces (above +6Gm for 20 to 30 seconds or more)
• can produce EKG rhythm abnormalities , ventricular filling defec ts , pulmonary changes to

include atalectasis , cerebral electrical dysrhythmias , blackout , severe spatial disorien-
tation , judgment miscalculations and death. In this day of fast supersonic aircraft , it
is still possible to fly too low and too slow. This unfortunately also produces fatalities.

- d. Low Level Flight - situational awareness involving judgment of terrain height ,
aircraft attitudinal awareness , speed and distance is required . Impact with terrain ,

5 ricochetting weapons , birds , and weather phenomena occur with an alarming frequency in
routine low level operations , often with disastrous results.
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e. Delivery Tactics - target fixation , pulling excessive and flying the aircraft
into speeds and attitudes outside of th. aircraft design limits for given configurations
have caused uncontrolled flight , serious structural damage, injury and destruction to both
aircraft and aircrew ,

f. Weapons Selection - the vast array and complexity of weapons and types of ord-
nance available to advanced fighter aircraft require selection options and methods which
are complex. The prestidigitation required by the pilot to operate the switches , levers ,
and buttons which will release the appropriate weapon at the enemy , rivals the keyboard
artistry of the concert pianist. While these requirements are fascinating and challenging
to the fighter pilot , they are also frequently fatiguing and can , in time , cause errors
which could be fatal.

g. Target Identification - man can no longer rely only on his own visual identifi-
cation of aerial targets with the naked eye . This too poses medical problems , for man
must now not only operate his radar set to gain the enemy , determine his location and
positioning , but he must rely on another agency, to wit , the ground controlling intercept
agency to assist in target acquisition . This dids another communications complexity
which requires a fur ther  subdivision of his at tention from his cockpit duties and his
inter-consaunication with his flight members and others who are in the same communications
space.

h. Mission Profile - low level flights 100 feet and below at high subsonic or super-
sonic speeds for prolonged distances and times (greater than 1 hour) are demanding and
fatiguing ; couple this demand with heat , less than optima l nourishment and/or rest , and
variable weather conditions and again one has the prime ingredients for an accident.

i. Systems Failures - the advanced fighter aircraft is a very complex aircraft con-
tam ing many systems in order to give it its high performance characteristics. These
complex systems are designed to decrease man ’$ workload ; however , the multiplicity of the
systems and their failure and failure potential can produce catastrophic accidents. Some
of the systems to be operationally considered include hydraulic , central air data con-
puter , fuel , parachute , terrain avoidance , electrical , canopy , arresting , escape , crew
restraint - each has its own medical and accident producing importance when they f a i l .

j. Weather - modern warfare requires flyers to be able to perform their operational
duties in all kinds of weather . Thermal stress (hot and cold), weather navigation and
maneuvering have contributed to fatal accidents ranging from midair collisions to meteo-
rolog ical damage to the aircraft and its systems . -

k. Operational Tactics - the myriad of tactics varying from air-to-air combat with
low level (below 100 feet) to high level about 50 thousand feet to teamwork produce a
spec trum of accidents ranging from ground impact to midair collisions .

I. Deployments - often aircrews must deploy great distances to the battle zone .
Crew nourishment , crew rest and fatigue , circadian rhythm disruptions have at one time
or another been implicated in accident causation .

in. Man - missions , aircraf t , weather , target , enemy , all present adverse factors
with which a fighter pilot must cope . All of these considerations assume a fighter pilo t
in optimum health and free of disease or incapacitation . The hazards are multiplied
in the case of an aircrew with organic or psychophysiolog ical i l lness , injury , or fa tigue .
Even adverse aircrew attitudes regarding the value and use of safety devices and personal
equipmen t can and do contribute to accidents. Man and his reliability are the sine qua
non to successful accomplishment in high performance fighter aircraft. His training ,
ski l l , and jud gment are relied on absolutely once he has been committed to the mission .
How well he integrates his total physiological capabilities with the capabilities of the
aircraf t have a direct relationship to success. The disintegration of the man/machine
interface which can be described as excursions outside of their respective design envelopes ,
often set the stage for accidents. One of the most critical areas resulting in fatali ties
is the out of envelope ejection . It is important to note that out of envelope ejections

• may involve (a) ejecting at too low an altitude , (b) ejecting at too high an airspeed ,
(c) ejecting at an improper attitude , (d) ejecting at too high an altitude , or (e) de-
lay ing too long the decision to eject.

Opera tions supervisors and medical consultants must communicate more frequently and
inter face more thoroughly to insure that the man and his machine remain in optima l readi-
ness for successful performance in order to reduce the number and extent of accidents in
hi gh performance f ig hter aircraft . Fiscal and political restraints in aircraft manu-
facture and sale often combine to provide less than state of the art protection for air-
crews , e.g., lack of leg restraints in some high performance aircraft , lack of an ejection
capsule in today ’s hi gh performance f ighter aircraft . Even more importantly , the re-
search and development community must be included in the communication and decision loop .
Because man ’s physiological limi ts are inelastic and have been reached with present state
of the art high performance figher aircraft , opera tions , research and development and
aerospace medical persons must take man more into consideration when providing capabili-
t ies and features for future advanced high performance aircraft.

To illustra te this need for operations , research and medical cooperation and collabo-
r a t i o n , consider an extant anomaly in the use of high performance aircraft. Presently,

4 
a considerable amount of attention and tactics are focused on low level fighting and this 
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is medically unques tioned . Two quest ions arise , however , concerning the defined limits
of low level tactical fighting . One question is, how soon will it be before the high
performance aircraf t combat arena goes above 40-50 thousand feet? The second question is ,
are the operation s, research and development and aerospace wedical coninunities coninuni-
cating and working towards meeting the challenges and problems of sustaining man in the
high al titude comba t arena , preven ting accidents through engineert ag improvements in
aircraft design and providing personal survival equipment that is unavailable today, yet
whose requtrmnent is known - e.g. . a pressure suit or get me down jerkin for fighter
crews and a high altitude escape system are needed now.

In closing . I would propose that an in-depth analysis of each high performance air-
craft accid ent (in peace and war) be performed and that a viable information feedback
program be established in NATO in order that all may learn s~d benefit from these unfor-
tunate experiences. And finally . I would propose that as the operational , research and
development and medical agencies come to know better the aircraft , the man and the
mission , that we all adopt the motto Volanti Subvenimu s , for indeed we do all support the
flyer . H
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Analyse di l’interv.ntion du Facteu r Huaaj n en tent que cause principals ou d’infiuence dana lea
Accidents d’Avions “MIRAGE” A is Force AArieuse Beige.

par
MAdecj n Major FLION A.

Coassilier Medical du Service d’EaquCtea d’Accid.nte AArisna
Force ACrien a. Beige
Quartier Albert I
B 1130 BRUXELLES

BELGIQUE

Introduction.
Li Facteur Humain intervenant dana us accident aCrien group. toutea lee circonatancee impliquant l’ho e
dane ii systeme “HOI4ME — M~~IUM — MACHINE”.
i.e acne de cette dAfinition set extrEmement large puiequ’ii concern. ausai bien l itat physique it peychi—
que du pilote, coaprenant as eCiection , sea exasena di rAvision mAdicale pAriodiquea et eon Atat de fati-
gue .oiuentanA , tous lee accidents, incidents ou affections intercurrentes que eon caracter e , eon moral,
l’int.rvention de circonetancea aociaiee ou fasilialea , eon pouvoir rAactionnel dane des situations i.~prAvues, eon instruction et as competence professionnelie intimement liCe I l’expArience acquiee sinai
qu~aux conditions du vol.
Ii eat Avident qu ’on as p.ut oublier is poasibilitA d’une intervention du facteur humain dane 1. chef de
toue ceux qui , de prie ou de loin , ordonnent is mission aCrienne , la prCpar.nt ou en suivent l’exCcution.
Pa.rtant de cet Ctet d’eeprlt fondaaental noua avons voulu exasiner , A ia Force ACrienne Beige , us groups
hosogin. d’accidente aCriens. * -

Notre choix a’eat portA cur l’avion “MIRAGE” parc. qu ’ii nous permettait d’enviasger is problem. eoue
i’angle de i’utiiieation d’un avion moderns, couvrant use pAriod. di fonctionnemest d’une certai ne th ree
(1971 1 1977) st permettant use approche etatistiqu. raieonabi. en ivitant di slier A cette enqu lt. d ’ au—
tree avione I caractCristiquee diffArentes.
L’objet de notre expoeC cc eubdivisera en deux p~rti.e a eavoir, us aspect stat isti que et us aep.ct sea—
lytique.

I. PresiAre Partie : Aspect Stetistiqp.~~
IMINA .

Dane is dosaine die enquetes lore d ’accidenta aCriens A is Force ACriena. Beige, ii y a lieu de signs—
icr que lee tichea inveatigatric.e cant rAp..rtiea ent r e is SEAA (Service d’Fmqult.e d’Accide~t~ AIr ien.)
et lea BASES ACriennes, unit4s d’origin. des avione accidestCs.
Li SEAA dent is compCtince territorial, eat illisitA. intervient d’off ice
— dane lee accidents mortels
— dana lee cae d’svio~. dCtruits (catCgorie 5) qu’iia aoiint sor tels ou non
— dane lea css d’ avion a gravs..nt endoesagAs (catC gorie 4) pour au t an t qu ’il as molt pea occupC a d ’ su—

tree •iasiona (auqu el cae c ’est is Bees a laquelie app ar tient i’avion sccidentC qui eat charge, de
l’enqulte)

— ii perticip. Agsle .nt aux enquEt.e ‘:o.binCes pr4vuee en STAI4AO 3531 di 1 ‘OTAN it psut intervenir cur
requIte di l’AutoritA Judicisire pour des accidents aurvenua en Belgique a dee avions .ilitair.a
&trangers n’appsrtenant pea A un pays di l’OTAN .

Lea Bases ACriennee aont charg&ee dcc enqultee Concernan t los secidenta s&xiene autr.a que ceux men—
tionnCa ci—deacua.

1. Noebre total d’accid.nta et d’incidente d’avione ~~~~~~~~ eurvenue i is Force ACrienne Beige entre
1971 et 1977.

a. Doasiemd’eng~lte_traitAa2ar ie SEAA .
Durant cette pCriode is SEAA a Ate anenh A traitor 26 dossiers d’enqulte (28 pilot.a conc.rnAe)
ae rCp.rtiaaant coese suit en fonction du type d’avion
- 18 cae di MIRAGE BA
— 6 caa di MIRAGE BR
— 2 ceo di MIRAGE BD
Cia 26 can a. eubdivisa ient coese suit en fonction de leur ~catCgorie~I d’accident

Typ. Cat 5 Cat ~* Cat 3 Total
BA 12 3 3 i8

BR 5 i — 6

ED 2 — — 2

Total 19 3 26

Reearque : lea accidents categoric 3 inveetiguCe l’ont AtA par 1. SEAA salt, parc. qu’il s’sgia-
eait d’enqulte OTAN combinCe, colt parci qu’un autre avion accidentA di catAgorie 5
Ctait Cgalesest en cause dens ii cadre di cette inqult..

- -~~ .--- -••. - -~~~
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b. Doeai.rs d’ en~ult. ~rcitie ~_~~ees_AArieiinia. 
I 

-

Barest citte .1.5 pAriode, lee Bases ACriennes furint chargAea d ’inveat iguer 65 dossiers d’ en-
quIte se rhpsrtiessnt en
- 39 cc. di MIRAGE BA
— 10 ccc di MIRAGE BR
— 16 cae di MIRAGE SD

2. Intervention du Facteu r Huaain in tent gui cause priacipsle ou d’influence dana l’enseiabie 4e ces
accidents.

a. Daasi..d~~~5u$ts traitêa~~ar 1e SEAA.

Dan. lee 26 dossiers tr aitis (concernant 28 pilotia) ii y a lieu de relever une intervention du
Fsctiur Ru~ain, en tent gui cause principsls ou d’infiuence dana is genes. de i’accident , dane
i8 ces (conc.rnan t 19 pilot..).

b. Dossiers d’~~~~~te_traitês,~ ar l.s Bae.s Aeriennen.

Dens lee 65 dossiers traitie ii Factsur Humain peut Atre mis en cause dens hi s. cBs 8. rApartisasnt
en:
— 6 ccc d’erreur d’in.pection ou d’entretien
— 38 cc. d’err.ur di pilotege .

3. Aspects du Fscteur E~mein iDtervenant dana cia accidents.

a. Aoci~~nte trsitls par I. SEAA.

Mans avon. conatatA plus haut que cur lea 26 doaeiers traitis par ii SEAA , i8 cc. faiaaient in’-
tsrviair ii Facteur Hu.ain dane l’origins ds i’accident. ii nous a peru intAreaea.nt de aigflalsr
ici lee dlffAr.n ts aap.ctc de ci Fact.ur Humain en tenan t cosipte du fait quo pluai.ura compoaantee
ant pa interve nir miaultanCaent dane un eli.. accident.
Mon. avon. tot.uieó 52 co.poaantea dana cee 18 cas.
(1) Cc._ i.!x,~,eLiguze!,cuJji~t.: 15TaT~ dóficii~ee du leadership A quilque nivesu gui cs eoit : i4

(b) — irreur di contrôle au aol : 1
(2) Co~posestss ~~~ e_i! £h!f_d~ £i~o,~,e_: 37 : - -

1sT cbo1o~i~u•: 17

— ixcAs ou masque di confianci en aol : 3
— attention (inattention — diap.rsion di l’attention — concentrstion exceaaive d ’atten—

tion — masqu. d• surv.zllanc. dec p erasAtrea en vol) 6
— erreur d’apprêciatio~ : 5
— dAcision tsrdive : 1
— excia d’e.prit coupAtitif : 2

(b) ~~~~~~~~~~ 10

— experience lisitA . cur ii type d’eppariil : 3

— .snque d’ expiriince dana ii passage du vol 1 vu. au vol aux instruments : 2
— applicatio n incorrect. dee procAdur.e : 3
- rapture die aut omati c... scquis 2

(c) PrAparation et exAcution do vol : 5
— insuffi.ence di prAperatios di 1. mission : 2
— conditions di vol sargisslia : 3

(d) Ph~.iqu.. : 5
— fst i gue :i
— stress euivi di blocagi : 1
— maiMs. physique : 1
— vertigo avec dC.ori.ntaticn. 1

b. Accident. invist~g~Cs per lee lease ACriennem.

Dana is .In i dee 65 accidents investiguAs per is Base Aênieane d’erigine du “MIRAGE” accidentC
nous avon. constat A gus 44 accidents font inter vinir un facteur humain as diffAre nciant mous lie
aspects suivsnts
(1) £rr euna d’insp.ction ou d’estr etiin : 6

- 3 cc. di pert. di parachute di fniinag.
— 1 cc. di manipulation di is co snde .ann elli di is trapp pendant gui 1. rêacteur tournait
au r.linti

— 1 caa d’aapiration de la broch. de eAcunitA dana 1. moteur
— 1 ccc d’aepiration de is pins. di crosas par 1. motiur

(2) ~~~~~~~~~~~~~~~~~ 38
22

— mauva ise technique d’atterrieesge 16
— cebrags sxcieeif di i’avion A l’att srni seage 3
— collision avec lee lampss d’ appr och. : 1
— oubli de deecsndr. la croe~ d’arrlt 1

L 

— erreur de technique di tr.ina~e : 1
(b) : 5

— meuvsise t.chniqui di dlcollegi : 5



- 

~z ~~~~~~~~~~~ ~~~ 
- --

~~~~~~~ ~~~~ ~~~~~~~~ --~~~~ 
-

I4.~

(c) 
~~~~~~~~~~~~ 

:

— collision contre us. barr iAre 1. long du Tax i—Track : 1
— collisi on evec us bltisint : 1 -
— collision avec us extincteur : 2
— collision avec une port. d’ab ri d’avion 1.

(d) Phaai ci. vol : 4

— colliaion entri aviona : 2 -

— lsrguage de v.rrlCre : 2
(.) itasi de combat : 2

— esuvalso manipulation du eAlecteur srmee -nt—~~rgusge d’une bomb. : 1
— tir d’une roqu.tte par ~sadvez-tance en dehors do champ di tir 1

11. Diuxi Ame Pej’tio : Aspect Analytigu..
PRELIMINAIRI.S.

Dens cett .  s.cond~ perti. nous n ’envisage rons que 1~ n a:cid .nts d’avions “MiRAGE ” inveetiguAa par le
Service d’E.~quIte d’Accid.nt~ AC r ien s (SEA,A ) C eavoir 26 dossiers (e.ttan t en cause 28 pilots.) et
per.i l.aqusla noun avona relevA l’intervention du I”aeteur Humain dana 18 can (concernan t 19 pilotee).
Ii sons a peru intCresasnt d’Ctudier certsi~~ parainAtres Aventuelleirent susceptibles d’intervenir dass
l’int irp ri tstion de is notion du “Facteur H~main”, entre eutres l’Age du pilote, eon experience ci.
vol , lea circonatancea de l’sccident dens 1. cadre dc  is mission effectuée, lee snt4cAdent~ mAdicaux(physiquse it peychiquee) du pilot., l ’lnte rv ent ion  du leadership sinai que les fscteur s int e rf A r en—
t u b  eurvenan t dan a ii triangle tot-aC par 1’HOl’tME 1t51dIUM — MACHINE.
Ii noue a,Cgalement , eesiblA utile ci. sirnaler , et ceci pour l’ensembie den dossiers d’accidenta traitAs
par 1. SEAA , lee conaAquencea phyniquea ci. l’accident pour le pilote (en distinguant lea accidents se
dlroulant avec ou sans Ajection) et son devenir en tent que membre du personnel naviguant sprCn I ‘acc i—
dent (mort al it C , dó1a~a d’inaptitude ou limitations dana l’sptitude au vol sinai qus l’aptitude finale).

1. t’arsmCtria éventuellentent ausceptiblea d’intervenir dana la notion do Fscteur Ruatain.

a. A u ~~fl o t . e n m o m s n t de Peccid,nt .
— Dana lea iS cc. d’accident a aAri enn (19 pilotse) faisant intervenir 1. Facteur Humajn is ma—

jo ri t é dan can (15 pilotea) on t us Age aituC entre 21 et 29 ann.
— Dsna lee 9 can ott n ’interv ion t pee 1. Facteur Hunsjn l’&ge den pi loten as situ, entre 23 et

55 ann.
b. ~~ér~ence d.vo1~~~~~ 1ote.

( 1) Ex~eri.nce g~ nêra1e d, vol (toun types d ‘av ions) •
— Pilotes ayan t mom s de 500 hrs do vol ( période d’icoiage et debuts en escadrille) : 5
— Pi1ote~ syant de 500 1 1000 hrs ci. vol (période de perfectionuement et d’acq u i s it i on  de

l’expIr ience en escadrilie) 8
— Pilotea nyant plus de 1000 hrs do vol (pilots. expArimentis) b

(2) ExEArj .n~o_de vol cur “MIRAGE”.
— Ph otos ayant coins de 100 Hrs (Acolage) : 2
— Pilotea eyent ci, 100 C 500 Mrs (period . d’expArienee l imi t Ce)  9
— Phlotea ayant plus ci. 300 Mrs (p iio tes expir iment éa) :S

c. Li, circonatancee de l’accident dane 1. cadre de is ,isaion .
Dane len 18 can (19 p ilotes) ou interv ient le Facteur Muasin lea circonatances ci. l’accident pe u—
vent Btre dCcnit .s coese suit (type de mission ou moment de is mission) .
(1) ~ tj i~r~e,~~~e_(accrochagc d’obetacle) : 3 can .
(2) En v!l_: 16 can.

T.T — dana 1. cadre d’une competition (TAC EVAL - Royal Flush) : 2 can
(b) — survol d’un relief montagneux : 2 cam
Cc) — collision aCrienne : 2 ca,
(d) — phase di combat : 4 caa

— attaqu. simulie d’objectifa au aol : 2
— aimulacre ci. combat sArien : 2

(e) — vol en forietlon : 2 can
(ii — accrobati. A beam. altitude : 1 cam
(g) — navigation : 3 can

d. Ant CcCdente do Pilot,.
(1) Pt&diceux (phyniqus. it peychi ques).

• -

— dan. us accident (MIRAGE Biplace) lee 2 pilots. prAmentaiont de~ enticCdents phyaiquen
pathobogiques can. qu’il fl’ait Pu ~tr, dAmontr4’ que ceux—ci moient dAterminante dens
1’onig~pe de l’accident
— Li I pilot. eouffrs i t  d’bypertenmion ertériell, de longu , date sans Atio logie  organi—

que ~CcelIe malgi4 di sombreu aes observations cliniqu.e et biobogiqu.a trC, coapiCtem.
— Li 2 pilot. await un nystagutogreem. lCge rement perturbA conaA quence d’un accident do

vol ture antCrieiar.

- - - - -
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— 1 pilot. Atait considCrC comae un aujet trAs impuleif et tree nerveux
— 1 pilot. avait rivAii, lore dee teats psychologiques, use tendance do biocage au stress
— 1 pilot. avait use nette tendance C i’excis de confiance en aoi
Dan a ces 3 cas ii Facteur Muesin psychique signail a partiellesient influence is déroule—
mont do l’accident.

Dana lea antAcCdents mCdicaux den 19 pilotes incrimniAs dana den accidents o~t intsrviint 1.
Facteur Hun.jn, noun notona donc que S p ilotea avaient den sntAcAdonts pethologiques auscep—
tibles d’int,rvenir dane le dCroulement do l’accident.
Par ailleure dane is mArie des 9 pilotes dana l’accidont desquels n’intervient pee ii Facteur
Humain on no relAve pan d’antCcAd ente .Idicaux particuliers ni physiquea ni paychiqusa.

(2) ~~~~~~~~~~~~~~~~ ~ar le chefs hiirar~h1q~e .!‘~L £~.! £1iO!e~ (CNAj.
— Dana la sAri. des 18 accidents (19 ph otos) inveatiguAs par be SEAA , et pour leaqueia ie

Facteur Humsin eat intervenu , lea appreciations Cmin es par lea chefs hiArarchiquea dane is
CNA (carnet de notes dc 1’Aviateur) peuvent s’exprimer comae suit

— SATISFAISANT main inflr ieur C in aoyenne : 2
— MOYEN : 5

— BON et supArieur ~
‘i la moyenne : 6 12

— TRES BON et TRES EXPERIKENTh : 6

— Dane is sin e des 9 accidents o~a n ’intervient pan le Facteur linsain lee avis exprimAs
sont lee cuivants

— SATISFAISAI4T main infCnieur C la moyenno : 1 2
— MOYEN :1

— HON et supCrieur C la moyenne : 2
- TRES HON et TRES EXPERIMENTE : 3

e. I nfluence du leadership.
(1) 

~~~~~~~~~~~ (leader cie pair. — leader de formation — officier reaponeable den vole —
co~mnandement) a eu une influence relative dens le dAroulenent de l’accideflt dana 13 can nut -
18 accider~ s dana leaqueis le Facteur Hu mai n est intervanu.
Cette influence du leadership peut Se subdiviner comae suit : P

(a) Pans le chef ciu leader (paire d’avion ou formation de pluaieura avione) : 10 can.

— Passivitl (masque do reaction dens den situations imprC vues) : 4 can
— Insuffisance do preparation cie is mission : 3 can
— TolCrance de conditions de vol inadmiasiblen : 3 can

(b) Com,nandement (echelons responsables, autree quo ii leader) : S cam.

— absence au briefing du Flight Co qui ignore sinai quo is mission eat inmuffisaimnent
prAparCe

— absence de directives
— absence d’information au piiote par l’officier responsabie des vois.

~~•

MACHINE.

Ii noua a peru intAressant de verifier i’importance relative prApondArante de cc. 3 facteura
dans i’origine et 1. dAroulement de i’accident. Cet exasten noun a livrA lea renaeigneinsnta sui— -

vents dana is sAn e dee 18 accidents dana leaquels is Facteur Humain eat intervenu :
(1) Dana 13 can sur iS, ii y a lieu dc conaidArer que c’eet en premier lieu 1’HOMME qui eat fac—

teur causal, qu’il cubit en eecond lieu dee influences extCnieuree aggravantes (MEDIUM et
qu. la soarte de con deux foctcurs retentit stir is MACHINE.

(2) Dane 5 can eur iS c’emt en premier lieu un probiCme technique ( MACHINE ) qui eat en cause
avec retentissentent stir 1’HOMME qui cependant, par certsinea do ses reactions, aggrave is si-
tuation pour ~~~~~~~~~~~~~~ a 1~5~~jd~flt.

(3) Dane 2 can sur 18 l’on pout sdmettre que ci sont den facteura Ati’angers (MEDIUM ) qui mont
en cause premiere de i’accident svec cependant intervention certaine do Fscteur Humain dana
is diroulsment di i’accident .

2. Lea concAquences di l’accident pour le pilot..
a. Lis léeions du_piiote conee~~ encee di 1’accident .

Si i’on examine lee lAsione occssionnéss chea lea 28 pilotes dont ii dossier a’sccident fut trai—
tC par is SEAA compte tenu du fait qu ’ii y out ou non Au ction sons soames amenCe A faire lee
constatatio na suivantes
(1) ~~~~~~~~~~~~~~~~~~~~~ 14 ces (eoit 50 %).

— cc. de fracture vertCbrale dont 5 cc. mont dus A i’Ijection et i cam d~ I i’stterrismage
— 3 caa de fracture (basain — Tibia — peronh) does A l’stternie.sge
— 3 cas do blesaurea euperficisUee (dues su masque A oxygAne ott causlee per lie euepentes

du parachute)

4 — 2 caa inde.n.s totelssient 

-~~~~~~~~~~~~~~~~
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(2) ~~~~~~~~~~~ A4~c~i~n_ : 14 cas (.oit 50 %)

— 7 css de dicTe do pilots —

— 1 cae di frscturs vertAbrale caueAe par l’atterrieeage do l’aviozi
— 6 cc. indsanee totsiement

Si l’on tient compti di i’intirvention ou non din Facteur Huasin coamo agent csusal ou d’infiuenci
dane is genie. di i’sccident , ii y a lieu di ventiier is eon . global. do cia 28 piiotes coene
suit
(1) SAri. ~~~~~~~~~~ ~~~~~~~~~~~~~ 1n~

s~ 1eA
t_(l9 pilot..).

TaT ivec Au ction : 7 cc..

— 3 fractures d~ colonne vertCbrale (Di2 — Li / D8 — D—9 / Dii)
— 3 caa di biessure muperficielies (face it cou + contusion. dorsolo.bairee)
— 1 pilot. isdemn. : -

(b) Sane A~.ction 12 cas

— 7 cas di dCcis do pilots
— 1 cc. do fracture vertAbrale (Di2 — Li), iAeion caueAe per l’stterniasage di i’svion
4 piiotee indeanea

(2) Sen . ~~~s_i 01. !e_F~c1e~~_
H
~~~i~ ~~~~~~~~~~~~~~~~ 

piiotee).
TaT Avoc Ajection 7 caa - -

— 3 fractures do colonne vsrtAbnale (Dii — Di2 / D7 — D8 — Dii / D].2 — Li)
— 1 fracture Iechio it iiCopubienne + fracture do coccyx
— 1 fracture Tibia it pAronA
— 1 fracture pAronA
— 1 pilots indemne -

(b)Ssn. é~ectjon 2 can

— 2 pilotea indemnes

La comparai son di cia 2 series eat reproduite dens le tableau ci—deasoue

Avec Sans T
_______________ 

Facteur Huatsin Facteur Humsjn otal

DCcCe 7 0 7

Blesses grave s 4 6 10

BiessCe lCgers 8
+ Indemnes

1 .

5

sfl : ; .  s== ==;========. .======s=========

Ii reaaort do cc tableau quo stir 28 cam de pilotea accidentAn ii y out i/4 de décCs (7) et que
tous cee can appartiennent & is sAn e dens laqusils ii facteur humain .st intervenu.

b. Le devenir du pilotsaEea l’accident.

Dana la eerie dee accidents inveatiguCs par le SEAA (28 piloten en cause) lea constaLationa
muivantee cat Ate faites quant au devenir du pilote spree l’accident
— 7 pilotes décAdés
— 8 piiotes indemnea aptitude pilote totele iinmCdiatement aprCs i’accident
— 3 piiotoa bl.ssAa iCgèrement : cen biesaures n ’ay ant entrainC aucune inaptitude
— 10 pilotes biessCm gniCventent : ces blensuren ayant entratné len ineptitudes piloten suivantee -

CAS INAPTITUDE APTITUDE APTITUD E FINALE I- -

____________ _________ 
TOTALE LIMITEE 

________________

N ° l  4 moia — APTE TOT.
Interven— -

tion du N 2 5 mois — AFTE TOT.

FACTEUR N° 3 5 mois - APTE TOT.
HUMAIN 

N° 4 4 1/2 mois Avjo~s SANS SIE— API’E LIMITS
GE EJECTABLE

PAS d’i n— N° 1 5 mom — APTE TOT.
tervention -

du FACTEUR N 2 7 mom 
- 

— APi’S TOT.

HUMA IN N° 3 - TEMFORA IRE 3 moit APTE TOT.

N° 4 4 mois — APTE TOT.

N° 5 11 mois 12 moim API’S TOT.

N° 6 6 mois H mom APTE TOT.

Ii reneort do cc qui pnAcIde quo toue lea pilotes eurvivant C l’sccident (21 sur 28) cat Ate ,
finalement, dAclarés APi’S au vol I l’excsption d’un soul pilots dAcisrC API’S mais avec uno limi-
tation eux avione sans siege Ajsctsbie.

- _ _ _  - . 
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3. Diecus.ion di is pertie Ana1ytiq~s.

Lee con.tst stion. suivsnt ea peuvent dAiouler de ci qui precede.

e. A~~ du ~ilote : lee accidents investiguCe montnent qu’il s’sgit dane is plupart des c~e de jounce

b. kp~rienc. de vol Dana 13 cam star 19 lee piiotee accident is n ’avaiint pa. encons acqui e l’sxpA—
Frince gAnArsl. ae vol suffi.ante (mom s di 1000 hour..). E~ outre dana 11 cas sur 19 u s  avsiont
tine expOnionce iiaitAo our “MIRAGE” (isoine de 300 heu rea).

c. Cjrconetances do l’aecident
Ii a’agit es.enti.llament d’sccidents surwenant durstat is phase de vol et pnincipalement durent
certai nee phases difficilee do vol.

ci. AntAcAdent~ du pilot. : Dana 5 cae stir 19 is pilote prAsentait certain. antAcCdente syan t pu
rniiuencer Ic ~~i ouThaest di i’sccidont. Lea avis Asia par lee chefs hiAnerchiquee Atsient trés
favorable. dane 12 can stir 19.

e. Influence du leader&a~~ une influ.nce quolconque du leader ship s’iet man ifestOs dens 13 can
cas dTac~!~~~ts (19 pilotee en cause).

f. Relation_interfArentielios HOMME — MEDIUM — MACHINE.
La prep onderance din facteur HOM ME sun lee autros factoura eat Atablis dams 13 cse ~~~~~~~~~
sun iS.

g. 
~!! iA5i0fls du pilots.

Dens is sAris ~~~~~~~~~~~ pour lesquels 1. Facteur Hutnain intsrvient on note tous lea can de
dAcie (7 pilotes cur 28).

h. L’~~ titude~~i1ot. finale.

D*ne tous lea caa dee pilotea ourvivant C l’eccident , qu ’ii y sit ott non intervention du Facteur
Husain, ii pilots a itO diclarA finalement apte su vol A i’exception d’un aoul pilote limitA sux
avions sans suige Ojectabis.

CONCLUSION.

L’objectif considOrA dens cotte étude n’s pea eu pour but do prOtendre diterminen qu ’il y a, dana
i’utilisation do l’avion “MIRAGE” , use reistion plus particuliCre entre i’isfluence din facteur humain
it I ’onigin. do l’accident. Netr. intention a plutbt etA d’apprOcier dane tine sAris d’ accident e aunT.—
flue a is Force Ainienne Beige le r8le coneidirable qu. ne cease di jouer le “pereonnalitC” de l’hoase
dane us .ystime hautseint sophiatiquA et conetsamest inuiuenci per do nombreuaea variables. Touts—
foie, it ccci pourrait peut—Atre as vArifien dana n ’iu.ponts queu e sOnic “HOMME — MACHINE”, ii rem—
sort de cotto analyse qua lea jeunss piiotea iimitOs au point de vue expinience do vol en gOnArel et
plus particuliénement sun un type d’.vion dOterminA doivent, dens des circonatances do vol pius dif—
ficiles bOnAf icier a tout pnix, d’un leadership adAquet.
En outne, ii s’avAre que is eOlection des candidate pi~otos devrs, de plus en plus, vie.n C detector
su mieui di probabilitia di dOficience non aeulsment physique maim Ogelement peychique du postulant
en tenant coupte din fait qu ’ii devra, dons le futur , et vu l’Avolution pnAvisiblo de l’aviation ciii—
tam e faire prinT., ultirieurement, de qualitAe oupiriounee A ceiiss exigAes lore do son recrutoluent.
Enf in, il faudra Ogalamont tenir conipto do r8ie important que dura jouer le penaonnel d’appui au vol
tel qu. lea eOtionoiogietes, lee mAcaniciens et lea contr~ieurs de trafi c sir ien face C die eystimee
“NONME — MACHINE” di plus en pine perfectionnAa mais dane leequeln- i’HOMME gerdora , asigrA tout , is
part pr Opond Orante.

I
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THE PSYCHOLOG IST IN AIRC RAFT ACCIDENT INVESTIGATION

by

R C Green and R H Tay lor
RAY I n st i t u t e  of Avi at ion Medicine

Farnborough , Hampshire . UK.

SUMMARY

It is well  established that in both military and civil fly ing operations , a large proportion of all
accidents occur in serviceable aircraft where the only failure in the system was in the h uma n e l emen t .
There is therefore an obvious case for the psychologist to attemp t to understand the nature of the errors
which are made in the hope that such an understanding may lead to the avoidance of such errors. In this
paper , the way in which RAY psychologists are involved in the accident investi gation process is described .
The way in which th is  work has enabled accidents to be categorised is also specula t ive l y discussed and com-
pared with the findings of more academi c work.

INT RODUCTION

Seven years ago, the Royal Air Force set up an experiment which required a psycholog ist trots the RAY -
Institute of Aviation Medicine to assist , “on the spo t , in the investigation of f l y ing accidents .  Obvious ly .
the motivation for such an experiment was the consistent and large fraction of fly ing accidents that arc
attributed to the causal category of human error. It was reasoned that the reduction of such accidents
would depend on the understanding of human error; hence the close participation of the psycholog ist in the
accident investigation.

More specifically, the objects of the work are two—fold. The first is to provide assistance to the
Board of Inquiry on those matters where the psychologist possesses specialist knowledge (eg on matters such
as human performance under Stress , sensory and perceptual problems , and human engineering or ergonomics).
In this way it is hoped that the quality of the Board of inquiry ’s investigation will be improved , and human
factors problems identified at the earliest possible stage .

The second object is to gain a more fundamental understanding of the nature of human error It is hoped
that by building up records of accidents which have been interpreted by a psychologis t , different categories
of human error accident will emerge , and that these categories will be meaningful in both theoretical and -

applied terms.

Al though this experiment has been proceeding for some years now , acciden ts are relatively rare events
and data is not therefore prolific. However, the res t of this  paper discusses some of the obvious ca tegorie s
in to which human error may be sub—divided in an attempt to illustrate this form of approach and demonstrate
that an understanding of the cause of an accident is a necessary prerequisite of finding a technique to pre-
ven t the recurrence of that kind of accident.

A t r a d i t i o n a l  concern of psychologists involved in accident research is whether an “acciden t prone ”
personality type exists , and the first category of accidents discussed below addresses this problem.

Person a l i ty

Ca tte l l  has de f ine d personality as “that which tells what a man will do when placed in a given situation” .
If so , it is possible that individua l differences in accident proneness may be identified by personality
measurement. Unfortunately, the measurement of personality can be approached from a number of d i f f e r e n t
viewpoints. What may be termed the emp i r ical  approach uses the results of factor analyses on the responses
to questions asked of the individua l to identify ‘ traits ” or personality factors , and one such widely used
personality test is the Eysenck Personality Inventory . In this test, the factors which are used to  desc r ibe
different personality types have been reduced to just two — the introversion/extraversion factor or dimension
and the neuro t ic i s m / s t a b i l i t y  dimension . Some s tudies  of motor veh ic l e  accidents , such as that of Shaw and
Sichel (I), have shown that “accident prone” drivers score highly on both the neurotic and extr.tvert scil ,-s ,
and that drivers  with a safe accident record tend to be stable introverts .

At first sight , i t  would seem that  t h i s  tes t  could form the basis of a select ion test , ie exclud e  a l l
“neu ro t ic  extrave r ts ” from fly ing training . However , there are problems with th i s  approach in that  rep l ica-
t ions of the study have not found such significant e f f e c ts and , f ur thermore , we do not know whether the per—
sona l i ty  p r o f i l e  wh ich may cause “accident proneness ” in motor vehicle driving is the same as that which m~iycase accident  proneness in f ly ing .  Probably more important though , is the tact that a i r c r c v  rep~-esent a
more homogenous populat ion than bus dr ivers  and one in which a ce r t a in  in fo rmal  pe r sona l i t y  se l ec t i on  has
a l ready  taken p lace . All military flying organisations select their aircrew with certain att rih ut , s in mind
and indeed , it is fair to suggest that a considerable amount of s e l f — s e l e c t i o n  w i l l  a l ready have taken place .

Nevertheless , more spec i f ic  aspects of p ersona l i ty  may well be amenable to analysis . For examp le , i vine
et al (2) havo shown that i f  ai rcrew a r e asked to assess how well they fee l  cer tain  statemen ts desc r ibe  them
(eg, The people I work with think I am even—tempered) and these results are factor analysed , then one factor
which eme r ges contains the following statements:

I am an adventurous person.
I find it exciting to take chances.

— If sky diving were avai lable  for recrea t ion  I would be very interes ted in i t .
Dr iv ing  motorcycles Is more for fun than t ranspor ta t ion ,  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Scores on this empirical ly derived factor , dubbed “Adventurousness ” are correlated (according to Levine )

at a highly significant level with accident proneness. The first case studies give examples of accidents
where this  factor is l ikely to have been important .

Case Study 1

The pilot of a two man fighter—bomber had a history of indiscipline . On returning to base from a
foreign detachment he departed from his authorised flight plan to perform some illegal low fly ing, struck
some power lines and was killed. His flying clothing was also found to be illegally modified.

Case Study 2

An experienced instructor on a training a i rc ra f t  flew a solo continuation training sortie. He was
author ised to fly at low level, but not below 250 ft. He was then seen to fly at a height of less than
10 ft over a lake when he attempted to turn , struck the water and was killed. It subsequently transpired
that he had flown othe r p i lots at illegally low levels on a number of occasions before his accident ,

It is not being stated here that the factor identified by Levine was the sole or even the main cause
of the above accidents, However , when Levine conducted his survey he correlated his “adventurousness”
scores with accidents of all types and found a highly significant correlat ion, but only a low level of
correlation (r • 0.25, p < 0.01). It is suggested here that further study might well reveal a much higher
level of correlation between possession of this attribute of personality and the occurrence of the type of
accident described. If this proved to be so, then Levine ’s questionnaire would be valuable in identifying
at an early stage those p ilots moat susceptible to th is  special  form of risk , so that extra care could be
exercised in their selection and management.

There are othe r asp ects to the analysi c of personality however, and an alternative approach to the
problem is that based on more projectiv e and inte rpre t ive techniques. These forms of test tend to rely Ps .
more on a psycho-analytic than an empirical base and , consequently, tend to find less favour among the sort

• of experimental psychologists who are interested in accident work. However, Neuman (3) of the Royal Swedish
Air Force claims to have identified a form of projective test which is able to identify closely accident—
prone individuals . The ides of perceptual defence is a long-established one in psychology , and Neuman
claims to have identified certain specific aspects of the way in which people respond to a form of percep—
tual defence test in which potentially threatening pictures are briefly presented. The analysis of an indi-
vidual’s responses is based on Freudian princip les and Neuman claims that individuals who have scored in a
certain band on the “reaction formation” dimension have subsequently been involved in far  more accidents
than chanc e should permit.

Perhaps the divide between this approach and the factor analytic approach described earlier is not as
great as at first appears. Cattell (4), who is the traditional proponent of the factor analytic standpoint
suggests that one of his traits — auti s — is useful in predicting accident proneness . This trait is des—
cribed by him as a tendenc y to ace and believe things, possibly falsely, in accord with one ’s wishes. It is
tempting to draw a parallel between this empirically derived trait and the psycho—analytic concept of reac-
tion formation in that both involve the individual in generating a model or percept of the world which is at
variance with the real world. Such misperceptions or “false hypotheses” are not infrequently identified by
the psychologist in the field .

Case Study 3

A solo fighter pilot over the sea believed his position to be roughly south of base when he was actually
west of base. On calling base for a steer home he was given a heading of 1000. Although he read back the
heading correctly he perceived a heading of 0100 — more aligned with his own preconceived notion of his
position. He then saw a headland through mist and assumed this to be familiar territory and therefore
headed towards it. In fact, the headland was completely the wrong country, ye t the p ilot flew over it,
infringing that coufl~ry~$ airspace, before he realised (or was forced to realise) that he had made several
errors .

Case Study 4

A large civil airliner approaching Nairobi was given an air traffic control clearance down to 7500 ft.
None of the crew heard the “seven”, but only the “five” followed by two “zeros”, which they all perceived as
“five” followed by three zeros (is 5000 ft). The aircraft then started to fly down to this altitude and
none of the crew realised that the runway elevation at Nairobi is in excess of 5000 ft. When the ILS devia-
tion warning light illuminated, the comeander interpreted it as a false warning and when the engineer referred
to the glide slope bars being out of view in the up position by saying “We have no glide slope” the captain
replied “we have” — meaning that the glide slope failure flag was not showing.

Both of these accidents involved the pilot In generating a model of the world (which might be termed his
“percept” of the world) which was different from the way in which the world existed , and heavily influenced
by the way in which the pilot expected the world to exist. While it may be that it is possible for any
individual to make such an error , Neuman and Cettell are perhaps suggesting that individual differences
play an important part here and that some people may be more at risk with respect to this special sort of
error . Again, If further re.earch proved this to be so, such tests of p ersonal i ty  would have importance
in identifying such individuals .

Programeing Errors

A further category of huma n error accident involves what might be termed “programm ing errors”. When
motor skills are acquired there are Identifiable different stages in the acquisition (see Fitts and Posner
(5)), initially, a groat deal of conscious effort goes into the execution and self—monitoring of skills,
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but as “motor programs” are laid down the execution of the skill becomes more and more automatic . Fu rther-
more , it appears that once the “automatic” stage has been reached, it is possible for the individual to make
the correct high level decision but , for  some reason , to go on and execute the incorrect program. It is
ironic that , almost by definition , such errors will be made most frequent ly  by highly experienced pilots.

Case Study 5

A solo pilot landed his aircraft after a hard flight ofl a hot day. On turning off the runway onto the
taxiway the pilot decided to cool off by raising the canopy, but raised the undercarriage instead.

Case Study 6

A solo pilot performed an overshoot and intended to raise the flaps but leave the undercarriage down.
Instead , he unwit t ingly  raised the undercarriage instead of the flaps, flew a visua l circuit and landed
with the undercarriage up.

At present there is no theoretical structure whieh allows real understanding of errors such as these
but by collecting records of errors such as these , certain conclusions may be arrived at, The errors need
not, of course , be committed in aircraft and Reason (6) has collected many examples of such programming
errors committed in everyday life (eg a man reported picking up his telephone and shouting “Come in”),
Such evidence suggests that if an error in exec ut ing a “motor program” is to be made then , the response
which is inserted instead of the appropriate response is likely to be in some respect similar to the appro-
priate response, it is likely to be a more frequently used response than the appropriate response, and so on.

Such knowledge has sometimes proved useful in arriving at the likely explanation of accidents in which
the pilot has been killed.

Case Study 7
P.

The wreckage of an aircraft was found with the slats retracted but with the airbrake extended. The -
official Board of Inquiry found it hard to believe that the pilot could have inadvertently operated the - -

control for one function when he intended to operate the other.

Such behaviour becomes much more credible and understandable when set against a background of mistakes
of this type which are made in everyday life.

(1
This area, then , is one where the cataloguing of the observed occurrences of a certain class of event F-

(ie programming errors),  is enabl ing some general Statements about how and when such events are most likely
to occur. Inevitably this work will give rise to laboratory research aimed at more close ly  i d e n t if y ing the
conditions under which such events occur, and possibly again, at attempting to discover whether certain
types of individual are unduly disposed towards making such errors.

Perceptual Problems

The reliance which pilots are forced to place on visual information is obvious , yet accidents continue
to occur because pilots have been misled by an illusory visual scene. Nowhere is this more apparent than on
the approach to land, and some accidents involving misleading visual information on the approach are now
described.

Case Study 8

A young pilot approached the airfield where he was on detachment . The ground was snow—covered but the
runway was clear , For no obvious reason the pilot landed in the undershoot of the runway, much to his own
surpr ise.

Case Study 9

A bomber aircraft landed at a strange airfield which had a narrowe r runway than the pilot ’s home air-
field, and where the terrain sloped downwards away from the threshold of the runway. Again the aircraft
landed in the undershoot,

Case Study 10

A solo p ilot in a two eng ine a i r c r a f t  approached the a i r f i e l d  where he was on detachment  w i th  one engine
shut down which required that he -make, i f  anythi ng, a steeper than norma l approach, However , he made a
shallower than norma l app roach which resulted in the loss of the a i r c r a f t .  The runway on which he was land-
ing was nearly 50Z longer than the runway at his home airfield.

The above accidents are of special  interest to the psycholog is t as it beco mes clear from conversation
with the p i lots invol ved , their co lleagues , and the Boards of Inquiry into this form of accident that
although p ilots are clearly capable of executing a satisfactory visual approach on meat occasions , they are
almost entirely ignorant of the visual cues that they are us ing .

However, knowled ge gained from the experimental liter ature combined with the experience gained from the
firs t hand investigation of these accidents  and evidence from new experim ental work has enabled a greater
unders ta nding of the techniques and cues used by pilots on the approach to he attained . In turn this has
enabled l ikely explanations of the accidents of this type to be offered.
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Unlike some of the previous categories discussed , this area is not likely to be one where inherent
characteristics of the individual constitute the bulk of the problem. It is suggested that most perceptual
e rr ors on the approach occur not just because individual pilots are unaware of the visual cues which they are -
using, but that this situation exists because their instructors are unaware of the most reliable set of
visual cue s to point out to the student pilot. Thus each pilot develops his own idiosyncratic set of visual -

cues which serve him well on the majority of occasions — until , that is , he is presented with an unusual
situation in which his personal cues become unreliable , It is therefore suggested that the solution to this -
problem lies in a re—appraisal  of training methods based on research into what rep’esents the most reliable - -

set of cues to use on the approach.

CONCLUS ION

It is not suggested that all human error accidents can be subsumed into the categories described above.
There are a number of other obvious pertinent areas that have not been considered such as the effect of
domestic factors on flying performance (7). The s ta t i s t i ca l  approach to accident proneness has also not
been discussed (8), though work of this sort has an undoubted contribution to make to the understanding of
accidents.

However , the thesis being made here is that accidents happen for reasons , but that the re are not as -

ma ny reasons as there are accidents.  It is contended that the policy of the RAP which requires a psycholo-
gist to attend Boards of Inquiry is resulting in a clearer understanding of the nature of error in flying
behaviour and is enabling the causal category “human error” to be sub—divided into more meaningful categories
of error. Clearly, the aspiration must be that such an improvement in the understanding of the aetiology of
acc idents wil l  enable preventive measures to be made more appropriate and effective , and there is now good
reason to bel ieve that this asp irat ion w i l l  be achieved ,
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DISCUSSION

MONEY: You left that 747 fast approach i ng the ground. I wonder if you would tell us
(Canada) what happened to It?

GREEN: It approached the ground and, in fact , there was clou d cover at about 200 feet.
(United Kingdom) When it broke out, the captain and the crew saw the ground and realized they

weren ’t supposed to be seeing the ground, since they were ten miles short of the
runway. But the captain said afterwards that at first he didn ’t th i nk there was
anything wrong, and although the ground looked very close, he thought It must be
a v ision illusion . In fact, he got down to about 70 feet of the ground before
recovering and overshooting the runway. It was only during the overshoot that
the crew realized what had gone wrong. Mentally replaying the events at that
stage, they were all convinced that the air traffic controller had told th n to
come down to the wrong flight level . So they got away with It, fortunately.

TEPPER: You talk about various personalities. From a preventive point of view , what
(Canada) would you suggest, and If your suggestion is to screen out the aggressive pilots ,

does the RAF buy that?

GREEN : That is a question I was anticipating, of course. This Is a broader debate than
(Un ited Kingdom) I am capable of conducting, frankly, because It really reflects on the war-time

versus peace-time role of an air force. Of course, in peace time , the role of an
air force is to prepare for “war ,’ as long as you “don ’t bend the air planes , i -

please. ’ But, in peace time, fli ght safety does become a paramount consideration
and I regard my role as simply an investigative one. My role Is to say , ‘ Look ,
if you are really serious about wanting to stop this sort of accident happening ,
then you could stop some of them perhaps by applying this sort of technology .”
But, I’m not saying that weeding out aggressive pilots should occur. The
decision as to whether you should weed out adventurous, aggressive pilots isn ’t a
decision, fortunately, that I have to make. I feel that you are probably right ,
these may be just the chaps that we need when we go to war. But, If you do need
them when you go to war, then I would suggest that It is almost an inevitable
concomitant of that decision, that they are going to have accidents in peace.

‘: 
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SU7~IARY

The information is part of every investigation, so in aircraft accidents,
where it contributes to clarify causes and mechanisms of mishaps.

Into the Board of Inquiry, Medical Investigator has to get in touch with
documents, papers and persons linked to the “fact” ,

In this field , the survey regards the EVENT and the three “LI”s — “MAN”,

“MACHINE ” , “MEDIUM ” — , before , during and after the event ,

Particular attention has to be paid to the witnesses, iiot only f or their rdeclaration, but even and niostly ,for their trustworthiness evaluation.

In the paper are outlined ways and techniques for collecting information

in this type of investigation.

FOREWORD

“Information” can be defined as getting news about events or people

through the technique of the interview, or by the examination of papers or

documents ; in aircraft accidents, the data achieved by the survey on the spot

are completed by information, contribut ing to reach in such a way the cause
of the accident .

The fields to investigate are the “EVENt” and the three “M”a — “~AN”,
“MACHINE”, “MEDIUM”. : 

-

Analysing the “MAN”, the investigator must take into consideration the

“MACHINE ” utilized by that “MAN” f - r  flying, and the “MEDIUM ” wh ere that

“MAN ”, with that “MACHINE ”, wee flying.

INPORI.IATION ABOUT THE “EVEN T”

Information about the “EVENT” can be collected only by inquiring eye-
witnesses; eye—witnesses can be divided in two categories:
— those ones involved in the accident;
— those ones not involved , but bystanders to it.

Witness

A witness can be spontaneous or stirred up; in both cases it can be uti
li zed when it results :

LA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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— objec t ive ;

— impartial;

— free;
— trustworthy.

A witness is “objective” when is free from any personal interpretation, “irn

partial” when there is no interest in the fac t , “free” when there are no enti
cements, pressures, threats or suggestions, “trustworthy” when it is given by

a reliable and skillful person.

.‘jtfleos’ a~u3esAment

Before accepting a witness, the following factors must ho token into consi

deratiozu

— the environment co ’id±tions , related to the  t ime when the f u c t  happened ;

— the witness ’ ca~’ oilities: to perceive, to remind, to report ;

— the witness ’ will to report ;

— the witness ’ personality ,

As regards environment conditions, it is important to know which was visi

bility level on the spot of disaster at the moment when it happened; further

more one must know the distance and the space relation between the observer
and the accident scene.

Before asking questions to a witness, this one must be analysed in order

to establish whether he was able to perceive and if he can remind and report.

As it is mown, “perception” is aptitude to int.c~ ’pt a stimulus, depending on

extrinsic and in t r ins ic  factors ; the former relied to the nature and intensity

of the stimulus, the latter to perceptive man ’s ability . A perception results

clear when the foll owing conditions take place:

— the stimulus, in relation to its nature and intensity, is perceivable; - ‘

— the receptor has his own perceiving organs in order, and his mind in alert

ness state with his att~ntion addressed toward such a stirmius .

Needless to say that an aircraft accident is certainly a very siiitohl.e stiniu

lus, both for nature and intensity, hut its picking up changes in relation to:
— individual perceiving capabilities, as it regards the observer;

— environment perceiving poesibilitiea, related to the visibility c~ nditions

and to the observer ’s position ;
— tine disposable for perceiving, as the ~~g~’ the tine the be t t e r  the perce

ption.

After settled that  a witness wos able to well perceive, the fol l owing s~ ep in

to establish whether he is able to well remind . It is useful to point nut  that

a mnemonic process is made up of the following parts:

— fixation;

— l ocnli~ation in apace and tine ;

— reco~nitiofl;
— remembrance.

~ 
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The property to remind varies from one man to another, and in the same man,

on his psychic engagement related to the moment of the perception ; time

running the memory lowers, and consequently witnesses must be questioned as
Boon as possible. - -‘hen are inquiring people involved in the accident, it must

be ascertained they did not suffer panic or cranial trauma, as in these cases

mnemonic gaps arise.

It must be established whether the witness can report, keeping in mind

that reporting capability depends pn the following factors:

— mental level ;

— consciousness conditions at the moment of the event;

— alerted attention;

— efficient memory ;

— speech capability;

— language mastery,
The eye—witness not always wants to report what he saw ; while there can be

some exhibitioni~~ who cornea to refer useless data.

The last witness ’ teat regards his personality,  necessary to know for eva

lusting the worth of the declaration; for this aim, the following factors

must be taken into consideration:

— age and nationality;

— place of residence;

— education level;

— professional activity; -

— life habits;

— relations with the casualties;

— interests on the fac t;

— mental qualities (a t ten t ion, memory , suggestibility, emot ionabili ty) ;

— present behavior (reticent, exuberant, awkward , sorrowful);

— visual efficiency;

— hearing capability.

Technique of interview

The interviewer has to introduce the questions in clear and comprehensible

way, trying not to influence the answers by suggestion or threat. After put

a question he must be sure of its understanding from the inquired man.

The investigator has to gain trust and confidence from witness; he will
try to pick up from him the news he needs, without hurting his feeLing ; during

the interview, the witness, in the f irst  time , will be let to refer spontaneot~
sly, but in the second time, will be specifically asked on those details lin
Iced to the fact.

.Ihen there is a lot of witneoses, they must be avoided to see each other

before the interview, otherwise, Ia~owing in advance the questions, it is possi

ble they can modifiy their answers .
It is useful to put everyone the same questions: the agreement in answers,

eapeci.~l)y if they are given by impartial and trustworthy persons, can be coneide

I ~~~~~~~~~~~~~ 
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red reason of trustworthiness. One must put indirect questions when it is poasi

hi. that the inquired, voluntarily or unvoluntarily, can go into inhibition.

Every declaration must be written and subscribed by the person who made it;

a witness declaration is made up of the following parts:

— general data regarding the event; more specifically the three “W”s (When,

Nhere, ‘Ihat);

— in relation to the moment of the accident, indicate thI~ place of the wit

ness on the spot and the visibility conditions ;

— WITNESS’ R~~ORT, and his answers to specific questions ;

— date and s±gnature;

— opinion of trustworthiness on witness and his report.

INPo~~ ATIo~ ABOUT THE “MAN”

Information about the “!-IAN ” regards the pilot and every else person who,

directly or indirecly, could play a role in the accident.

The “MAN” has to be examined “before”, “during” and “af ter ” the event; the

following aspects of his life, expecially related to the last time, must to be

taken into consideration:

— usual behavior and habits; activities of last two days;

— worries ; loss of sleep; insufficient rest periods ; fatigue ;

— alcohol; tobacco; therapeutic drugs; last meal and composition of it;

— flight experience ;

— flying activity during last tine (24 hre , week , month) ;
— flying incapacitations ; toxic hazards during flying;

— previous deceases ; important illnesses in the family;

— previous accidents and causes;

— pilot skilfulness of that “man ”, related to that “machine” in flight “medium ” V

of the accident;

— extra duty behavior of that pilot in the last time (important the changes).

~ost of above information can be collected from the family, collegues,

friends or other persons linked to “our man”. From that people it is possible
— to achieve news about abnormalities arisen in the “man ” both in psychical

and physical fields, before or during the “flight accident” .
In addition, the following documents should be examined:

— Flight restrictions periods (duration and causes);

— every medical form;

— post—mortem reports ;
— every else paper regarding the “men ”, useful to know.

INFORI ’,ATION ABOTTT THH “MACHINE”

If the “MAN” is the main field of investigation for the Medical tnvesti~~
t.or, this one, in aircraft accidenta ,needa ev~n Information on the “?1ACHINE” on

—— ______ ______________ _ _ _ _ _  _ _ _  
_ _ _ _
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point  of view of medical aspect, that is the relation between “that man” end
“that aircraft” ; in other words it must be established whether “that man”

were suitable for “ that  machine ” in such flying conditions .
Medical Invest igator  has to collect news regarding the technical  chara c

teristi ,a of the airc raf t , especially as it regards o~~’gen equipment , :“~~~ u
rizotion , aids to navigation , board instruments, etc .

~ .kTI~ N A1l~’i)T THH 
“. ~2T1L”

Inforr~ation about the “~EDlij~ ” regur~ -~ relations linking that “man”

with that “machine ” acting in certain f l ight condi~~ions.

This category of in l’ornation regards:

— f lying a l t i tude  at which the accident  s tar ted;  )
— fli P~t his tory  from its beginning ;
— duration of the f l igh t ;  ;.;
— flying mission ;

— meteorological conditions ;

— connunicotiona ;

— flight rrocedures and maneuvres.

Tn addition it is useful to pick up information on the extra duty medium

of the pilot.

FINAL RECOMMENDATI ONS

According to a specific aim , a logical proCedure must be followed on eollec

ting information.

One must bear in mind that not always persons who can offer infornation ore - 

-

disposed to; consequently, after a first contact , other ones must be taken with

them in a second time.

The investigator has to remember that the casualties must be always honou

red, but, if some aspects of their private life can be useful to know for the

investi gation, the collecting news has to be done very respectfully, in order
to avoid inhibitions from relativee,when inquired

On deepening a delicate rnatter,questions can be concealed or put indirectly .

¶

I 

-~~~~~~ - - —~~~~~ - - - ~~~~~~~~~~~~ -~~~~~~~~~.. 
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The Limited Range of the Human Eye for Optical Aircraft Acquisition
by

H. -E. Hoffmann

Deutsche Forschungs- und Versuc~sanstalt für Luft— und Raumfahrt e.V. (DFVLR)Institut für Physik der Atrnosph~re
8031 Oberpfaffenhofen

Germany

Suninary

A pilot flying according to visual flight rules receives the first information from an approaching aircraft
when he can just see this aircraft. The distance in which the approaching aircraft can just be seen i.e.
detected, Is among other things dependent on the contrast threshold of the huma n eye. The contrast thres-
hold value indicates what extent must have the difference of luminance between object and its background
so that this lumina nce difference can just be perceived . The DFVLR has made experiments determining the
influence of different contrast threshold values on the maximum detection range - that range in which an -~ -

approaching aircraft just can be seen. The results of these experiments were also influenced by environ-
mental parameters (e.g. degree of atmospheric turbidity , background, adaptation luminance) and by charac-
teristics of the approaching aircraft (e.g. i nherent contrast, size).

The conduct of the experiments Is described . In diagrams is shown how the maximum detection range depends
on the standard visibility (the standard visibility is a measure for the degree of the turbidity in the
atmosphere), on the adaptation luminance and on the type of the approaching aircraft and its background.

Mainly Blackwell has investigated the contrast threshold values in extensive laboratory tests. He and other
authors show whet influence have the following parameters on the contrast threshold: Size and shape of an -

object, adaptation brightness, exposure time, image location on the retina . Some diagrams are shown. - -
-

It has been derived from results of DFVLR experiments how the values for the contrast threshold determined
in laboratory tests correspond with those received in field tests.

1. IntroductIon

When flying according to visual flight rules a pilot gets information from an approaching aircraft by seeing
it. That means he must acquire ft opt ically. We can consider four degrees of optical acquisition:

Detect ion
Recognition
Identification
Classification

An aircraft Is detected optical ly when the mean lumi nance of the aircraft differs from the luminance of its -

background so that the threshold of the human eye for perceiving the contrast is just reached . This con-
trast C Is defined by

c = 
L0~~~

LB (1)

where L~ is the luminance of the object and LB is the luminance of the background.

The range associated with the contrast threshold i.e. the distance at which an aircraft just can be seen is -
called maximum detection range.

In the Institute for Atmospheric Physics, in  the German Aeros pace Research Estab li shment (DFVLR) , field
experiments are carried out using optical sensors to determine ranges for detecting, recognizing , and
identifying objects. In some of the research for the naked eye alone the work has conducted with the DFVLR
Institute for Flight Mechanics. In this Institute statistical and flight dynamic studies on conflict detec-
tion and resolution in civil aviation are made (1, 2].

All the values for maximum detection range In the figures of this paper are obtained when observed with
naked eye alone. When looking at these figures it must be kept in mind that the maximum detection range is
not dependent only on the contrast threshold and the parameters Influencing it directly: Size and shape of
the object, time of observation, location of Image on fovea centralls, adaptation luminance. The maximum
detection range is depending also on the degree of the turbidity of the atmosphere. Al so It must be
pointed to that the circumstances for the observers when determining maximum detection range were Ideal
compared with the conditions in which pilots have to detect aircraft: The observers for whom the maximum
detection range ~~s determined had only to detect aircraft and had not to fly their own aircraft, they knewalmost exactly the direction and the time of the approaching aircraft, they did not have to look through a
windscreen and their eyes did not have to cover a wide range.

After description of the conduct of field experiments to obtain values for the maximum detection range in
section 2, some of these values are shown in the figures of section 3. The curves of the figures of section 4
show values for the contrast threshold derived by Blackwel l L3, 4] from laboratory experiments. Finally in
the last section Blackwell’s values are compared with those derived from values for the maximum detection
range of DFVLR. 
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2. Conduct of Experiments for Determination of Maximum Detection Range

During the experiments for determ i nation of max imum detection range the results of wflich are used in
this paper the aircraft to be detected was approaching from distances in which the observers on the ground
could not see it. The approaches were directed at the observers so that the effective area of the aircraft
was changing very slightly for the observers . The observers had normal si ght and were trained in detecting
aircraf t .  The direction of approach was known: The azimuth- and elevationang le were within about three de-
grees of a given direction. Between starting to observe and detecting the aircraft there was a maximum
time intervall of about 2 minutes .

The moments of detection of the different observers were registered by a tape recorder. By means of the
distances between observers and approaching aircraft which were measured continuously by a radar device
and also registered by a tape recorder the maximum detection range could be determined . The environmental
parameters influenc i ng the maximum detection range — the degree of turbidity of the atmosphere and adapta-
tion lumina nce - were measured by a tele-photometer the spectral sensitivity of which was adapted to the
li ght sensitivity curve of the human eye. As a measure of the degree of the turbidity of the atmosphere
the horizonta l standard visibility served which was measured by contrast measurements on natural targets
[5 , 6, 71. This horizontal standard visibility is nearly equal to the meteorological range. Here it must
be oointed out that the measured horizontal standard visibility was the degree of turbidity in an horizon-
tal direction directl y over the ground . In the slant direction in which the observers detected the aircraft
fly ing in low altitude , the degree of turbidity could differ a little. ~ore precise informat ions on the con-duc t of the field experiments and on the methods of evaluating the observed and measured values are con-
ta i ned in the reports 18. 9, 101.
3. Results of Experiments for Determining the Maximum Detection Range

The experiments for determining the maximum detection range took place in different years and during dif-
ferent seasons: spr i ng , suniner , and autumn , therefore also at different horizontal standard visibi lities. f

The results determined when observing a dark green aircraft Do 27 is represented by the curve of fi gure 1.
Around this curve which represents the mean values for different horizontal standard visibilities are lying
the single values in  the form of a “point—cloud” similar to that also shown in the later figure 6. The
deviation of the single values from the curve are based on the individual and tempora l non—constancy of
contrast threshold , the search the observers had to do, and the uncertainty of the values of horizontal
standard visibility . It must be pointed out that very different numbers of single values belong to the
several ranges of the horizonta l standard visibility of figure 1. That is caused by the fact that in Ger-
many where the experiments took place the horizontal standard visibi lities between 15 and 40 km are more
numerous than the others. From f igure  i t  can be seen that the maximum detection range when observing an
ai rcraf t  Do 27 is much smaller than the horizontal  standard v i s i b i l i t y .  More over when the horizonta l
st andard v i s i b i l i t y  is large va r ia t ions  in  the degree of turb id i t y  have less i nfluence on the maximum de-
tection range than when the horizonta l standard v i s i b i l i t y  is smaller .

In the next f i  ure 2 is show n how different  coloring i nfluences the maximum detection range. Contrary to
the curve o igure I in  which the rEsults were reproduced by a logarithmic function , tie results of ob-
servations in fi gure 2 were represented for only small  horizontal  standard v i s i b i l i t i e s  by a regression
line. The effective areas of both the aircraft — the Do 27 and the Piaggi o - had only small  differences.
From figure 2 it is apparent that the dark green aircraft was detected between 2 and 3 km further away than
the brightly painted ones . The following figure 3 shows mean values of results which were determined when
observing air—l i ners. For comparison the maximum detection range when observing a dark green Do 27 is
depicted also for that range of the horizonta l standard visibility in which the observation of the air-
liners took pl ace. The effective areas of the air-liners were 6 to 7-fold larger and the wingspans 2 and 3-
fold larger than those of the Do 27. In the range 14 to 16 km of the horizonta l standard visibility the
air—liners were detected about 2 km further  than the Do 27.

All the results shown so far were determi ned when the approaching aircraft was observed with sky as back-
ground . Fi9ure 4 shows the influence of the type of background on the maximum detection range. Here the re-
gression line represents the maximum detection range when observing against sky as back ground and the point
represents that value when observing against wooded mountain as background . D. ing the experiments when the
aircraft was observed in front of a wooded mountain the contrast between this uackground and the sky above
it was very small: about 15 %. This was effected by the horizonta l standard visibility of this test day and
the distance between the observers and the wooded mo:Antain . This little difference between sky background
and wooded mountain background produced a difference of about 1 km for the maximum detection range.

Figure 5 displays the influence of decreasing brightness during the beginning of twilight on the maximum
detection range. The values shown in figure 5 were observed at horizontal standard vis ibi lities between 13
and 32 km. For adaptation luminance the brightness of the sky in direction of approach respectively direc-
tion of observation was taken. The dimension for the adaptation lumi nance of figure 5 asb = apostilb
corresponds to about cd/rn2. From the plots it can be seen that, for example for horizonta l standard visibili-
ty of 13 km, when the adaption luminance was 10-i asb — that means in this case about 80 minutes after sun-
set — the maximum detection range was smaller than 1 km. For this horizontal standard visibility during
daylight the maximum detection range had a value of about 3.5 km. The l arger the horizontal standard visi—
bility is the later after sunset is the moment of detecting an aircraft at a distance smaller than 1 km.
In the last figure 6 of this section ranges of the values observed by several observers will be shown. The
differences between the values of 4 observers could amount to about 1.5 km.

4. Values for the Contrast Threshold Determined in Laboratory Experiments and Derived from Field Experiments

During the l aboratory tests of Blackwel l (3 , 41 the contrast threshold was determined for different para-
meters. The observers must detect a dark or bright disk . Dark or bright means relative to Its background
which was homogenous. During one test series the observation time amounted up to 60 seconds and the obser-
vers knew exactly where the disk to be detected would appear. During another test series the observation
time was only 6 seconds and the region of search had a width of 10 degrees . For comparison in this paper
only those values of Blackwel l are used which are obtained during the test series mentioned at first:
observation up to 60 seconds, no search .

_ _ _  _ _ _ _ _ _ _ _  - - —.— ——~~~~~~~ —~~~ ~~~—~~~~~~~~~~~ - --- - -—-~~ - - —
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In the fo l lowing  the values of B l ackwe l l  are compared with those values for the contrast threshold which
are derived from the results  of field experiments to determine the maximum detection range . For computing
the contrast threshold the following contrast reduction fomula was used:

3.-~ DCth = C0 
. exp - 

~N 

m (2)

In this formula:
Cth = contrast threshold
C0 = inherent contrast (contrast between the object and

i ts  background from a distance 0)
Dm = maximum detection range
V N = hor izontal  standard v i s i b i l i t y .

In f igure 7 there are depicted the values from Blackwel l for the contrast threshold versus the diameter of
disks for two adaptation luminances . In f igure  8 then the dependence of the contrast threshold on the adap-
tation luminance for several diameters of object is shown. The contrast threshold becomes larger when the

- diameter of the object becomes smaller and the contrast threshold becomes larger also when the adaptation
luminance becomes smaller. When the adaptation luminance is larger than about 102 asb — corresponding to
about 102 cd/m2 — then the contrast threshold remains constant.

Al so based on the research of Blackwell are the results of figure 9. In this figure the contrast threshold
is depicted in relation to the observation time for four different diameters of observed disks. Three of
the four curves show that for observation times larger than one second the contrast threshold approximates
to a cons tan t  va lue .

The next f igures wi l l  indicate whether and how the values from B l ackwell  d i f fer  from those which are derived
from the results of field experiments. But first in the fol l owing f igure 10 is shown the Blackwell—curve
for the dependence of contrast threshold on diameter of observed disk. The thick line section of this curve
show s that part for which the results of DFVLR are valid.
Figure 11 shows one compari son in which both the contrast thresholds for bri ght adapted eye are plotted.
The vertical lines of three of the DFVLR values represent the region of confidence of these mean values for
a region of confidence of 95 % . The values derived from field experiments are about two times larger than
those determined in laboratory tests.
In figure 12 the differences are shown when observing at smaller adaptation luminances. The lower curve re-
pre~th~ts values from Blackwe l l and the upper curve those from DFVLR. From this figure results that when ob-
serving during twi l igh t  the values of DFVLR are about seven times larger than those of Blackwe l l .

From figure 13 the i nfluence of different instruct ions to the observers concernin g the direction of approach
of aircraft on the contrast threshold i t  can be seen. For these comparisons there were no resul ts obtained
for naked eye experiments. The values of figure 13 are observed by 10x50-fieldglasses. During one test
series the fieldglasses of the observers were directed exactly to the approaching aircraft. The observers
were exactly informed on which point of the field of view of their fieldglasses the aircraft was appearing.
During the other test series the observers had to search a sector of about 5 degrees. All these observa-
tions were made with supported fleldglasses . When the information of the direction of approaching aircraft
was not exact then the contrast threshold was about three times larger than when this information was exact. - . -
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DISCUS SION

PERORIEL : I would like to ask the speakev’ if he has made an observation of objects In the
(France) air with an air-air perception. I believe that your study was made with a ground

observer looking at an object In the air. This has some importance because air-
to-air detection Is better for a thirty—meter wing span aircraft. Maximum detec-
tion i n clear weather lies at about 14 kIlometers, whi le the values you gave us
under the best visibility are about 10 kilometers . Were you able to make experi-
ments of detection distance between two aircraft, for instance, an d were you ab le
to confirm the 14 kIlometer range, which is still used as a reference point when
one considers, in particular , the contribution of anti-collisIon lights?

HOFFMN4: Perhaps I don ’t understand.
(Germany)

PERDRIEL: Let me repeat the first part. I wanted to ask you if you had studied detection
(France) ranges between the eye of a pilot in flying aircraft and another aircraft at some

distance still In flight. The studies you have made refer to detection range front
a ground observer for an Incoming aircraft. I think that it is Important for the
prevention of accidents to know that (for mid-air collisions) detection ranges for
air-to—air visibility are about 50% greater than ground-to-air visibility , or air- -

to—ground visibi lity .

Hoffman: You have seen some information on the experiments that we have made during very
(Germany ) large horizontal standard visibi llties. Perhaps I must mention when you have on

the ground a horizontal standard visibility , you have at 5 kilometers altitude
perhaps a horizontal standard visibility of 20 kilometers . Therefore, we have p

• also conducted experiments for standard visib ilities at high altitudes. We can
only approximate from our experiments the detection distance at high altitudes .
I might say here also , we have made our experiments by observers who have only
to look into the air to detect any aircraft. We have also made comparisons wi th ,
for example , helicopters , where there was a difference between the detection dis-
tance of the pilot versus special observers who only had to look for other air- ‘ -
craft. I must also say that one of our tasks was also to determine the relation-
ship between detection range or v Isibility and atmospheric optical parameters and
that with atmospheric optical parameters , we take into account the effect of tur- -

bidity of the atmosphere in the horizontal direction and also in slant-view
I - direction , as wel l as several meteorological parameters. In answer to your

question, I can say that these experiments also apply to observing air-to-air. I

•

~1
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ANALYSES OF MIDAIR COLLISIONS IN GERMAN AIRSPACE:
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by
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Deutsche Forschungs— und Versuch sanstalt
fUr Luft— und Raumfahrt e.V . (DFVLR)

Sc h l i e a f a c h  3267
3300 Braunschweig

Germany

SUMMARY 

- : •
~

The paper deals with theoretical studies concerning conflict detection and resolution
in visual meteorological conditions by means of the “see and avoid” concept , and lessons • -~
learned from analyses of midair accidents in German airspace. The methodology is con— 

-cerned with some supplementary aspects of the visual detection of an aircraft , the ob-
servation and extrapolation of its flig ht path , and the distance limits where an effi-
cient manoeuvre can be initiated taking obse vation errors into account. Restrictions
of a pilot ’s ability to detect an approaching aircraft caused by a small apparent size
or unfavourable silhouette of that aircraft , and by opaque structures in his cockp it
are discussed for horizon tal turns and straig h t and level flight. Also treated is the
appa r e n t  t r a c k  of an a i r c r a f t  on the windshield in front of the observing p ilot . Based
on this me thodology, the features of five real midair conflicts in German airspace are p

demonstrated especially with respect to human factors.

I. INTRODUCTION

The exis ting ATC system within Germany is very effective in preventing midair
collisions. In the four—year period , 1 9 7 3 — 1 976 , the numbe r of fa talit ies due to midair
collisions was 20 (collisions between two military aircraft excluded) . This number is
much lower than the number of all transportation fatalities per day. However , wi th the
continuing growth in aviation , an increase in midair c o l l i s i o n s  can be e x p e c t e d .  A l s o ,
the advent of larger air carrier aircraft permits the fatalities per collision to in— •

crease substantially. Wide—bodied c a r r i e r  aircraft with capacities of several hundred
passengers presen t an ominous threat if one or two such aircraft are involved in a
midair collision. Even if the size of an aircraft is small compared to the size o f  -

carrier aircraft , a collision can mean a catastrophe . The fuel capacity of modern
military aircraft is so large that many people can be killed on the ground if a midair
collision , with a glider for example , should occur and the military aircraft should I

afterwards crash into a crowded street. Therefore , the potential increase of midair - •

collisions with catastrop hic results indicates the necessity of new studies to verify
current collision avoidance concepts.

Theoretical studies concerning conflict detection and resolution in visual meteor-
olog ical conditions by m eans of the “see and avoid” concep t have been undertaken for
some years by the Institute f o r  F l i ght Mechanics of the DFVLR at Braunschweig. Flight
and ground teats on the a Auisi tion of aircraft with respect to collision avoidance
and spec ial military tasks have been made by H. E. HOFFNANN from the Institute for
Physics of the Atm osp he Le at Oberpfaffenh o fen who will present a paper during this
meet ing [1]. The theoretical and experimental collision avoidance studies are parts
of a joint r es e a r c h  programme for the German M inistry of Transport.

In addition , analyses of several real midair collisions and of one hazardous near
m idair collision have been accomplished by the Institute for Flight Mechanics as
scientific support to the official investi gat ions being made by Luftfahrt —Bunde sam t ,
Ge neral  Flugsicherheit in der Bundeswehr and district attorneys. The analysed conflicts
include gliders , powered gliders , and hi gh—performance civil and military aircraft.

The purpose of thi, paper is to give a brief review of our studies on real or
simulated midair conflicts in visual meteorolo g ical conditions. In keep ing with the
theme of this symposium , attention will be focussed on human factors and on learning
from a past experience in midair accidents or incidents.

2. THE RIGHT—OF—WAY AND THE USERS

In visual meteorological condi tions (VMC) the flight visibility shall be at least
8 km (5 mile,) or 5 km (3 miles) in most parts of airspace (2]. It is assumed that
at least one aircraft is flying under visual fli ght rules (VFR), The second aircraft
may fly under v i s u a l  or instrument flight rules (IVR). Fi gure I show s t h e  t h r e e  m o s t
important conflict situations: head—on , converg ing courses and overtaking [2—4]..
The “ see and avoid” concept of visual colli sion avoidance is based on the early
detection of the o t h e r  aircraft and on an efficient evasive action taken by one or
both pilots. This concept must provide the means which make possible the safe use -

of the airspace by all who desire to use it as a transportation medium with maximum
flexibility and minimum restrictions. Pilots and aircraft fly ing in visual meteo rolo— -
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gicat conditions have a wide divergence of performance character istics , e.g.:

— P i l o t s of light aircraft or (powered) gliders p e r f o r m i n g  VFR f l i gh t s  fo r  p leasure
and nonbusiness purpo se ,, perhap s after exhausting working hours. Their train ing may
be inadequate for operating in a high density area; their health may be just at the
limit for the prolongation of the licence.

— P i l o t s  of mi litary aircraft being hi ghly qualified and well trained , in low—level
high—speed VFR fli ghts.

— Air carrier crews performing long—range lYE flights.

— L i g h t  a i r c r a f t  or ( p o w e r e d )  gliders , e.g. with i n s u f f i c i e n t  v e n t i l a t i o n , a hig h
no i se , temperature or vibrat ion lev el, or a poor power plant.

— Single—seat high—performance military aircraft requiring a heavy workload of the
p ilot and enduring heavy “C” forces.

— Wide—bodied carrier aircraft with restricted load factors and angular accelerations , -
especially because of the passengers near the ends of the fuselage .

These items being obviously incomplete indicate that many operational , human and
f l i g h t  d y n a m i c  factors must be taken into account for analysing the “see and a v o i d ”
concept. More details are treated in the following chapters.

3. MIDAIR AND NEAR MIDAIR C O L L I S I O N S

Five  real midair conflicts are selected as examp les for typical situations. Fi gure 3
shows the silhouettes of the aircraft in perspective during the critical phase; the
sizes of the silhouettes are reduced approximately to the same observation range. As
in one case the glider was circling, several aspects of the glider are shown . The
operational factors of four conflicts are presented in fi gures 10 to 13. The following
is a listing and brief description of each of the midair conflicts in generic terms;

(I) Near m ida i r  c o l l i s i o n  in 19 7 5  near the i n t e r s e c t i o n  of two a i r w a y s  b e t w e e n
2 G— 91 VFR straig h t and l e v e l  f l i ght , f l i gh t level 235 (nominal),
(single seat) r~.
Boeing 737 IFE straight and level flig ht , flig ht level 240 (nominal),

High rate of c l o s u r e , app rox ima te ly  h e a d — o n .  f
( 2 )  Mida ir  c o l l i s i - -~ in 1976 between two aircraft approaching a navi gation aid:

HFB 320 IFR in strai ght and level flight , flight level 95 , reduced airspeed . -

(executive jet) - - •

C 9 1 VFR in a h o r i z o n t a l  l e f t  t u r n , f l i gh t  l eve l  95 , a f t e r l e a v i n g  a
( t w o — s e a t  t a n d e m )  Tempora ry  Rese rved A i r s p a c e , n avig a t i o n  t r a i n i n g  f l i gh t.
Low rate of c losu re , o v e r t a k i n g .

(3) M i d a i r  c o l l i s i o n  in 1976 b e t w e e n
Powered g l i d e r  VFR in s t r a i ght and lev el fli ght , 3500 f t ,  - -

( t w o — s e a t  a b r e a s t )
4 F—4 Phantom VFR in a h o r i z o n t a l  left turn , 3500 f t , No . 2 i n v o l v e d .
H igh ra te  of c losure , at first overtaking, later on perhaps converging courses.

(4) Midair c o ll i s i o n  in 1977 be tween
2 F—104 VFR in straight and level flight , 2400 feet. Ri ght aircraft d u r i n g
(single—seat) radar training fli ght , involved . Left aircraft responsible for

“ see and avoid” .
G l i d e r  VFR , probably  in s t r a i g h t  and l eve l  f l i ght , in a lef t turn during
( s i n g l e — s e a t )  the last seconds , 2400 ft.

High r a t .  of c losu re , converg ing c o u r s e s .  G l i d e r  has ri g h t — o f — w a y .

(5) Midair collision in 1973 between

M i r a g e  V FR in s t r a i ght an d lev el f l i ght.
G l i d e r  VFR , c i r c l i n g  (left).
Hi gh r a t e  of c l o s u r e ;  h e a d — o n , c o n v e r g i n g  c o u r s e , o v e r t a k i n g .  G l i d e r  has  r i g h t — o f —
way.

f According to official reports , the meteorological vi s i b i l i t y  w a s  b e t t e r  t h a n  8 kin
f (S *i le s)  in all five case ,. Accident (3) between four military aircraft and a powered
f glider is also representative for c o l l i s i o n s  between hi gh performance aircraft and l i ght - -

a i r c r a f t .

_  ~~~~~~~~~~~~~~~ -- - -- - --~~~~~~~ ~~~~~~- -~~~~~~~~~~~~~~~~~~ - _



-_

-. . DETE ~~T 10N

The  p r o b l e m  a r e a s  a s so c i a t ed with v i sua l collt , i o n avoidance ~‘an he d ivid ed into
four group s :

— D ,tec t ion ot t h e  i n t r u d e r  . i i r c r a t t  -

— O b s e r v a t i o n  of  t h e  p r e s e n t  and e x t r a p o  t~~~.,l of the future t l i g h t  p a t h

— Dec is ion to coot inue the f ght or to take a cti on

— I n i t i a t i o n  an d  p e r t o r m a n c e  o f  t h e  e v a s i v e  m a n o e u v r e .

As me n t i o n ed a b o ve , t h e  c o r r e l a t i o n  b etween the maximum de t e c t i o n  range 0 ?  an intruder
a ircra f t and the horizonta l mete o ro lo g ic a l v i s i b i l i t y  or the bri ghtnes s of the sk~ is
treated in the paper by BOFFMANN I I I  so t h a t  some su pp lement ary a spec t s of  the vi su a l
a cquisiti o n ot an aircr a ft are- su It i cie nt in t h i s  ch.ipte r .

F i gure .~ s h o w s  he f i ~
- Id 01 \ j ,-w in t he  ~~ I c ock p it i i i  strai g ht ~nd l ev e l  I ii ght

~i nd in a horizont a l 1 e 1 t turn. M a n  v I ~ic  t ots .11 fec t th e’ p ilot ‘ a ab  i I i t v t o de ’ t e- c t an  •

rc r .~ I t w h i c h  mi g ht he on .i co lt is ion cour se wit it hi s air c rat t . The a i i c r  :,t t ‘ s s i t  h~ u —

e t t e , s i z e , p o s i t i o n  with r e spect to the h o ri zo n , the co ntr.-e st he tw e-en ai rcraft and hack—
groun d , ha z e , s m o k e , s u n  p o s i t i o n , w i n d o w  c o t l f i ~~tl r 4 t  i o t l ~ i t l d t ’ I i mtd - i r e . , s . e . g . .  h~ t l . l v i g a —

i o n  b a g s , w i l l  a t f e c t the p il ot ‘ s ah  i l i t  v t o  detect t h e  o t h e r  a i r c r a f t  . The ccc ommod a—
t i o n  01 the p il ot ’s ev e s , his scanni ng tech n iques , and time shari ng betw een th e ’ imi s ide
and outside of the cockp it h a v e  i s i g n i f i c a n t  e f f e c t  on the p r o b a b i l i t y  of detec t i o n.

I Silhouette and apparent size of t h e  . i i r c r a t t  p

Th e r e a r e  s e v e r~,l c ruc i al qu es t ions that must he .insw,-red be fo re a fin a l conclusion
on the detect ion c a n  be made , p a rt i c u l a r lv  w i t h  respect t o  the ap p . i r en t  s i z e  and the
s i l h o u e t t e  of the intrud er a i r c r a f t .  The  s i l h o u e t t e s  ot some a i r c r a m t  inv ol ved in fiv e
typ i c a l  m i d a i r  c o n f l i ct s a r e  p r e s e n t ed in f i g u r e  I . For the purp ose o f  analysing m i d a i r
c o n f l i c t s , it is assumed that an apparent size in the orde r of ~ mm on a h y p o t h e t i c a l
w ind shie l d being i in a w a y  fr om the p i l ot ’s e-v es is the o r e t i c - a l l y  sufficient for the
d etectio n of the in truder aircr a ft unl ess the ~ i lI t o u e t t e . t h e  contr a st e t c .  a r e  t i n—
favourable I h i .  T h i s  t h r e s h o l d  i s  c o m p a r a b l e  t o  th ,- sm a l l e s t  line ’s on  a slide—rule
1’-lI,- m I  o b s e r v e d  i t  ~i d i s t . , i c e  o t  0 . m. N egl ,- c t ing the d i t t e ’rent environmental conditions ,
it means that a 30 f t  o h j . ’ct can he detected at ~~~~~ NM ( n a u t i c a l  m i l e s ~~. Fu r t h e r m o r e .
t h e  t h r e s h o l d  i s  c o m p a t i b l e  w i t h  t he measurements h~ HOFFMANN f o r  l o w  t l v i u g  li g h t  a i r —
c rat t I I ) . In add it ion o the c ompu t a t  ion of the apparent si ,- aced si l houe t t e’ of t h e
o n — c o m i n g  a i r c r a f t , the appar ent p osition of the sun on the’ wi n dshield is det e rmined ,
s i n c e  a s m a l l  a n g l e  b e t w e e n  t h e’ d ir e c t i o n s  t o  the ’  s u n  and to t i l e a i r c r a t t  can redu c ,-
t h e  p i  lot ‘ s ab  i l i t  v t o detect a small target • e spec i all v it the w i n d s h i e l d  is not q u i t e
c lean. r

F i gu r e ~ r e p r e s e n t s  t h e  a p p a r e n t  s i r e  of t i l e  c i r c l i n g  g l i d e r  and of t h e ’ H F H  12 0
inv olved in the accidents t~~~ a n d  t f l  • as  observ ,-d by  t h e  p i l o t s  o f  the Mir a ge and t h e

C — Q I .  The i p p a r e n t  w i n g  s p a n  o f t h e  g l i d e r  i s  s u t I i c i , n t  tor d e t e c t  ion at le a st 0
se-co-i d a tsec ) before the colt i s i o n , h u t  the s i l h o u e t t e  is ver y thi n  110111 — ‘il s . c  t i l l  — l ~ 1

Sec t f i g u r e  3~~. A temporar y disappearing 01 a c i r c l i n g  g l i d e r  can  e’. i s i l v  he  o h s e - r ve d ,
p a r t i c u l a r l y  when th,’ observer and t h e  g l i d e r a r e - a p p r o x i m a t e l y  i n  th e s a m e  le v e -l . The
a p p a r e n t  l e n g t h  of  t h e  fu s e  I age is larger t h a n  t i l t ’ thr e shold dur ins the last 10 sec
on ly . At  f i r s t  • t h e  t h i n  silh oue tte a m i d  t h e  l a c k  of coot rast b etwe en the g l i d e r  and t h e ’
b ackground , later on a short dis t r a c t i o n  from normi tal visual scan caused b~ c o c k p i t
duties o r navigation requiring concentrati o n may h a v e  rcs u lted in the Mira ge’ p i l o t ’ s
t a i l i n g  to detect the ’ g lider earl y e-nough.

Considering the - HFB 1 0  accide n t (No.fl , the w ing span ot  t h i s  a i r c r a f t  h a d  a
su I I i c  i ent size at I ,-~ ,S t -.0 sec hi’?  OT ~~ 1 1 , ’ ~~ 1 1 ~~S I Ot t . 1101’, V O l  • t h e  s t  1 I t , s e i e t t O  w i —  o n —  - •
t a v o u r a b l e  d u r i n g  t h i s  t i m e  h e c t e u s t ’  t h e - C — ~~ I p i l o t  c o u l d  o b s e r v e  t h ~’ H~~~ I t ~ o n v
f r o m  be l l  m d  . The  a l t  i t u d e  o f  t h e  s u n  w a s  l o w  an d  t h e - angle ’ bet ween the I i tie of si ght
a n d  t h e  d i r e c t  i o n  t o  t h e  s u n  s m a l l  so t h a t  t h e ’  p e r f o r m a n c e - ot  t h e  p i l o t ’ s eve~s m a y
p r o b a b l y  h .,ve  been  r e d u c e d .  T h e  t w o — s e - a t  (‘. — Q i  p e r f o r m e d  a na v i ga t i o n  t r a i n i n g  I l i g h t
and  w a s  a p p r o a c h i ng  a nay i ga t ion aid. lii i s me ans an add i t ion al wor k t o a d  a n d  an o p p o r —
t u n i t y  t o  m a k e  m i s t a k e s .  F o r  t u e  t e ’m p o r a r v  m a s k i ng  ot  t h e  I IFH U O  b y  a c o c kp it s t r u c tu t e ’
se e c h a p t e r  ~~~~~~~

The ’ t~ — q p i lot s I flV ol v ccl in t he  tie a r m i d  a it c~’ I l  i $ 0 f l  w i t  hi a Hoe  l og  I. -i c i d e ’ m l ?  I, I
igure I 0~ did not See the ’ t b , ’ tog in sp i t e  0? its large si :.- b, - c a u s , ’ 01 a c o c k p i t

Stru c t e, r e ~c lm ap t,’r - . .‘~~ , whe’reas t h e ’  i loe ’ i n g  1~ cop i l o t de ’t e ’ct ,’d b o t h  t~—’)1 t p p t o ~~im a t el v
I t 1 see bef ore the ti ,-ar m i s s  a l t h o u g h  t i l e’ c l p p sr e ’ nt  S i : e $  o l  t h e ’ G — Q i  w O r e ’ um it . i ~~i l t e r
a mid t h e i r  ~ i l h o u c t t e -s titt l ,i v o t i i t t ’ l , .  l im e ’ s i l t e  i i e ’lds l ot t im e’ i ; ’ t ’ i t - .- I m t  , - i : e - s  o m  the tout
F — •. P h a n  ton s and the powe~ r ccl g 1 i d e  r t ron 20 se c  t i l l  I t~ Sec b e t  ~‘t - c- the i r c te l l ci on

5 c c  i d e n t  I • whe teas t he s i I houe t t e’s of at I ii r c ra t t i n v o l v e d  we re’ tel at i vet v
t a v o u r a b l e . The ne i mber  ot c I t  I c i e n t  crew members on h o a r . h  ( I t , - I o ~~ t rha ntotns nta~’ n o t  b e’
ove r i - i t  ed as tin I v  o n , ’ - - t c i  git t members i q i l - i , - a m m d  re  s p o” 5  i b I c  t o t  c o l  1 i s i  on a v o i d a n c e
in t h e  h ,’ ad — on ci i r e c t  I on  s I i t •  i s  h i  i t t  ~l i t , ’ a s  t o r  t he  l’im I l i t  ~~Il~ ~‘ 

i 1 0? s are ’ 0 t i c  e r t t~~~cI
se,’ c h a p t e r  •. .

The api ’ s r e n t  s i  S CS  - , I t h e  t w~’ F — I ~~ and t h e  g l i d , - i- bet o t e  m i d  a i t  cot I i  s i  on i, . w e ’t  ~
b e l o w  t h r e s h o l d  t o t  a l o n g  t i n , ’ and th e’ir i i l h c ’ue tt ,- s u nf a vour ab te , p*r t i c u t a r l v  as
t h e  t u s e t a g e  of t h e  g l i d e r  i s  r a t h e r  t h i n .  The P i l o t o t  t h e ’  l e f t  F - 1 0 4  w a s  f l y i n g  
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behind the right 7—104 so that he had to observe t h i s  a i r c r a f t  v e r y  o f t e n .  As t h e  d irec-
tion to the sun was not far away from the line of si ght between the two  7 — 1 0 4 , t h e
ability of the  l e f t  7 — 1 0 4  p i l o t  to d e t e c t  the glider may have been reduced si gnificantly.
In a d d i t i o n , t h e  gl ide r  was at l e a s t  p a r t i a l l y  o b s c u r e d  b y a cockp i t  s t r u c t u r e  ( c h a p t e r
4 . 2 ) .

HOFFMANN has accomplished a very interesting research programme , particularly with
respec t to the acquisition of head—on approaching l i ght aircraft by observers on the
g r o u n d .  In a d d i t i o n , the re are  s e v e r a l  crucial questions that should be studied in
de t a i l  f r o m  t h e  a u t h o r ’ s p o i n t  of view , e.g., the detection range at medium or hi gh
a l t i t u d e s , the  i n f l u e n c e  of t h e  r e l a t i v e  position of t h e  sun and the reduction of the
pilot ’s ability to  d e t e c t  a t a r g e t  b e c a u s e  of c o c k p i t  d u t i e s  and affiliated accomodation
c h a n g e s .  For  some months , Deutsche Lufthansa , in coopera tion with DPVLR , h a s  be en
accomplish ing a programme concerning the detection range of air carrier aircraft fly ing
h e a d — o n  on ai r w a y s .

4.2 Blind Areas

For each midair conflic t the apparent flig ht path of the intruder aircraft on the
windshield is compu ted from the data being available , e.g., heading , i n d i c a ted a i r s p e e d ,
bank ang le , altitude and c o l l is i o n  a n g l e .  The opaque  s t r u c t u r e s  of c o c k p i t s  are  d e t e r -
m i n e d  by means of photos taken by the official investi ga tors. A customary camera is
used instead of the p ilot ’s head so that a single photo offers the same view as a
f i c t i t i o u s  s i n g l e  c e n t r a l  eye  of  t h e  p ilo t. Fi g u r e  2 shows the field of view for one
eye  in the  G— 9 1 c o c k p i t .  If  t he  h o r i z o n t a l  l e n g t h  of o p a q u e  structures is shorter than —

t h e  d i s t a n c e  b e t w e e n  b o t h  e y e s , an aircraft being far a w a y  f r o m  the p i l o t i s  o b s e r v a b l e
at l e a s t  by one eye  in p r i n c i p l e  [3 , 4 , 6 , to].

So me g e n e r a l  f e a t u r e s  c a n  be d e r i v e d  f r o m  f i g u r e s  I and  10 to  13 on t h e  d i r e c t i o n s
where an intruder aircraft can approach from ; that are  the  h o r i z o n t a l  a n g l e s  B 1 and B2
between the axes of the aircraft and the line of sight or equivalent angles in the
cockpit reference system. If one of the aircraft involved in a collision is fly ing  m u c h  

- -
faster than the other one (e.g. , f i gh te r / l i gh t aircraft), a l l  possible collisions will
approximately be head—on conflicts with respect to the p ilot of the faster aircraft ,
w h e r e a s  t h e  p i l o t  of t h e  s l o w e r  aircraft has to detect the faster one head—on , on both
sides or backwards. Therefore , a pilot in a slower aircraft has a w o r s e  d e t e c t i o n  c h a n c e
than  a p ilo t in a faster one in many cases.

B e f o re the  near  m i d a i r  c o l l i s i o n  ( I )  b e t w e e n  t h e  B o e i n g  737 and the  two G — 9 1 , t he  - -

c a r r i e r  a i r c r a f t  was  o b s c u r e d  by the right structure being IS degrees away from the I 
- -r e f e r e n c e  p o i n t  of t h e  G — 9 1  c o c k p i t  ( f i g u r e s  2 and  10) . As a l l  t h e  a i r c r a f t  were probably

f l y ing  in strai ght and level flight during the last minute , the apparent flight path
of the Boeing 737 was not shifting to the ri ght or left side but onj y a l i t t l e  f r o m  b o t t o m
to top because of t h e  probably different real flig ht levels of the aircraft. The di s—
lance between both eyes is s m a l l e r  t h a n  t h e  e f f e c t i v e  w i d t h  of t h e  s t r u c t u r e  so t h a t
a small angle of view is masked at the same time for both eyes.

The HF B 320 ( a c c i d e n t  ( 2 ) )  was  o b s c u r e d  by t h e  l e f t  s t r u c t u r e  in  the  G — 9 1  c o c k p i t
when the G—9 1 was flying a horizontal left turn before the collision (figures 6 and I I ) .  

kThe p i l o t  of the  c ra shed  7—4 Phantom (accident ( 3 ) )  c o u l d  no t  d e t e c t  the  p o w e r e d  g l i d e r
since it was masked by an extended horizontal structure in the left upper edge of the -
P h a n t o m  cockp i t  du r i n g  the  l a s t  30 sec ( f i g u r e s  6 and 12 ) .  The p i l o t  s i t t ing on t h e
left seat of the powered glider could not si ght the four Phantoms because the passenger
sitting side by side with him was shadowing the Phantoms.

D u r i n g  t h e  c r i t i c a l  p hase  b e f o re c o l l i s i o n  ( 4 ) ,  t he  v i s i b i l i t y  of t he  g l i d e r  was
- s t r o n g l y  r e d u c e d  f o r  the pilot of the left F—104 (figure 13)  b y a st r u c t u r e  b e i n g  k
approximately 8 degrees away from the cockp it reference point and a little smaller than
the distance between both eyes. Therefore , the target could be detected at least by one
eye in principle. However , if a target is very small and the sky without any c o n t o u r
like a cumulus cloud , the eyes will in most cases accommodate automatically to the
st r u c t u r e  of t h e  cockp i t  a nd a f a r  d i s t a n t  t a r g e t  w i l l  not  be n o t i c e d .  D i s r e g a r t l i n g
t h i s  h u m a n  f a c t o r , some p i l o t s  a p p a r e n t l y  have  a f a l s e  sense  of s e c u r i t y .  A p o s s i b l e
r e d u c t i o n  of t he  p i l o t ’s ab i l i t y  to d e t e c t  t h e  g l i d e r  by m i s s i o n  requirements and the
r e l a t i v e  p o s i t i o n  of t h e  sun has  been t r e a t e d  in chapter 4.1. With respect to the glider ,
b o t h  7 — 10 4  w e r e  approaching from an unfavourable direction on the left side.

There are several crucial questions that should be studied in detail , e.g. , the
pilot ’s ability to detect a small target behind a window post by one eye without moving
his head and the pilot ’s endurance to change the field of vision by moving his head .
D u r i n g  a f l i g ht  of s e v e r a l  h o u r s , t h e  p i l o t  c a n n o t  r e a s o n a b l y  be e x p e c t e d  to  a c c e p t
the  l a s t  de mand .
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5. O B S E R V A T I O N

When the on—coming aircraft has been detect ed , there are several questions that must
be answered before the pilot c a n  come to a decision for an evasive m a n o e u v r e :
— Is the intruder aircraft a glider or a powered glider whose eng ine is running ?

— I s  the a i r c r a f t  at the same l e v e l ?
— Who has the right—of—way taking operational factors into account?

— Does the approaching a i r c r a f t  threaten the observing aircraft?

— How much time is available before the potential collision?

5. I Powered glider

The first question makes an excessive demand on the observing p ilot in some cases.
As the propeller of a powered glider is relatively small , e.g., 1/10 of the wing span ,
t h e  p i l o t  can  only distinguish at a very short distance , perhaps at half a mile , whether
the propeller is running (61. If not , the approaching glider has the right—of—way in
a l l  ope r a t io n a l  s i t u a t i o n s .  A few seconds before collision (3)  a member  of t h e  P h a n t o m s ’
crews believed , for example , that a glider was fly ing head—on although the propeller was
running in reality.

5.2 Es timation of equal flight levels

A reliable estimation of small vertical d i f f e r e n c e s  b e t w e e n  a i r c r a f t  in straight
and le vel  f l i g h t  seems to  be d i f f i c u l t  or even  i m p o i . s i b l e , pa r t i c u l a r l y ,  if  t h e  r a t e  of -

closure is high [3]. There is no line on the w i n d s h i e l d  i n d i c a t i n g  a c o n s t a n t  f l i g h t
le vel  s i n c e  the  p o s i t i o n  of t h i s  l i n e  w o u l d  d e p e n d  on the altitude , the we i ght , air—
speed etc. The horizon or the bases of haze and c l o u d s  are  i n a p p r o p r i a t e  as r e f e r e n c e s ,
p a r t i c u l a r l y  at high altitudes. As represented in figures 2 and 6, the horizon is more
than 2 degrees below t he  f i c t i t i o u s  l i n e  i n d i c a t i n g  f l i g h t  level 240. The nominal differ—
ence in altitude before near midair collision ( I )  was  500 ft. Although the Boeing 737 -: - .

was n o m i n a l l y  f l y ing  hi ghe r t h a n  the  two 6 — 9 1  ( f i g u r e  7)  and the  B o e i n g  cop i l o t  a t
firs t had the impression that both 6—91 were fly i ng  l o w e r  than  h i m s e l f , the B o e i n g  c r e w
initiated a rap id descen t some seconds before the near miss. Therefore , errors in
judgement of the relative height by the p i l o t s  c a n n o t  e n t i r e l y  be e x c l u d e d .

5.3 Limi ts between priority areas

C o n s i d e r i n g  the  th ree main o p e r a t i o n a l  c o n f l i c t  s i t u a t i o n s  in f i g u r e  I and t h e  r u l e s
of the air , our attention is attracted by the difference between the sighting directions
81 or 8 2 on the one hand and the angle between t h e  d i r e c t i o n s  of f l i g h t  on t h e  o t h e r
hand. The last angle is the criterion f o r  t h e  r i g h t — o f — w a y  in some c a s e s  du r i n g  d a y —
l i g h t , bu t it cannot be observed directly; this is contrary to Bi and B ? ,  w h i c h  a re
the criteria at night and correlated to the perspective or silhouette of the aircraft.
The difference between these directions can become considerable , especially for corn—
pa r a b l e  a i r s p e e d s  [ 3 , 4 , 6 ] .

Before near midair collision ( I )  ( f i g u r e  t O )  t h e  c r ew  of t h e  B o e i n g  7 37 had t h e  urn—
p r ess i on that both 6—9 1 were approaching approximately head—on , whereas the angle F .
be tween the flight directions was lowe r than ISO degrees instead of approximately 180
d e g r e e s  f o r  the head—on case. This impression was  p r o b a b l y  based on the small angle 82
being approximately 15 degrees which meant that both 6—9 1 were approaching f r o m  1 1 . 3 0
in t he  cockp i t  s y s t e m .  A l i m i t  b e t w e e n  t h e  h e a d — o n  case  and converging c o u r s e s  is  n o t
ye t  o f f i c i a l l y  f i x e d .

C o n s i d e r i n g  the  s i t u a t i o n  some seconds before collision ( 3 ) ,  t he  r i g h t — o f — w a y  of
the Phantoms depended on the angle used as the criterion (figures I and 12). Provided
that the angle between the fli ght directions had been used according to the rules of
the air , the Phantoms would probably have overtaken the powered g lider which then would
ha ve had the  r i g h t — o f — w a y .  If t he  ang le  82 had bee n d e r i v e d  f r o m  t h e  p e r s p e c t i v e  of
the  powered  g l i d e r  and e r r o n e o u s l y  been used  as the priority criterion during daylight ,
t h e co ur se s w o u l d  p r o b a b l y  ha v e con v e r ged an d t h e  Phantoms would have had the right—of—
way. It must be emphasized that the pilots are obliged to come to a decision by means
of operational parameters which they cannot observe directly in some important cases.

. 4
5.4 Collision criteria

A f t e r  the d e t e c t i o n  of the  i n t r u d e r  aircraft , the pilot has the task to  obse rve i t s
apparen t  f l i g h t  path  and to d e t e r m i n e  the  c o l l i s i o n  r i s k  by e x t r a p o l a t i o n  of the appar-
ent f l i gh t path. Two aircraft flying in strai ght and level flight will threaten each
o the r  if  th. line of eight is fixed with respect to the windshield and the distance
decreases. T h i s  means that the angles Ri and 82 in figures I and 5 are constant. The
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t h e  p i l o t ’ s a b i l i t y  should be stu d ied La produc. an .mv e ra ll p i c t u r e  ccl a dange rucu. cup er-
a ttona l s l t u a t I c c ~t by means ol lic e visual in( cm rm sti u n a bel ii g av aiI qb I. in the e c t e k p i t .  

-- - -~~~--- - - - - - ~~~~~~~-- . .-~~~~~~~~~~~~~~ - , - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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6 .  D E C I S I O N  AN t )  E V A S I V F  M A N O E U V R E

A f t e r  th e d e t e c t  I cc li o I Lice in ( r u d e r  a i t o t  ci I t and  I lee cc he dc I Iv cut I c ’ II c c l  I t  mc I c c l  i t t e
I l i g h t p at t i , t he e p i l o t  Ifltu it I Ou , uin C Ic ’  a de c ’ i s  1 ccli ‘slit ’ ( l i e  r Ite m mc hi ec u I d  oct11 t I ~ ue h i s  C l  I g I l t
o r t a k e  a c t i o n .  R e g a r d i n g  lic e dct~~ i it i ciii p r cd ce$s , t w c c oacies c all be. di cit i tc gu i s lied :
— Ties i n t r u d e r  a i t o r a l t  was  cl , ’ t e c t u - d  so l a t e  th a t cc uul y  a spcc titai e ecmus e v a sive ma leoeuvr um

i s  possible ,

— The intruder *ir cr * fL c ccul d be~ o b s e r v e- cl f c c t s s u f f i c i e n t  t unit - 5cc t h a t  ii W e I I — O c u l t l i l ch ,’ I , c l
a c t i o n  i s  p r a c t i e - a b l e t ,

In t hee  I I n t  o u t s e t  • it ge i c ci tci l iteq u I ry m ade ’ by Ani t f U r  F l u g s  I o u e u ’r u n g  t i e r  I l e i u i d e t u w e h c r
at id Bu nd e  autos La It CUr Ft uc g s  Ic he rutcg itli cmwe d that t lee t y~tc ccl a spcc~c I c lu i e ’ou  s e vs i i i  y e
m a n o e u v re l a r g e l y  d e p e n d s  on c l i , ’ s i z e  and pe r l c c r i i i a t e o e  c c l  t u e  s i r e - r a f t  ~1, 1.  P i l c m t s  c d l

l a r g e  c i v i l  c t t  m i l i t a r y  a i r c r a f t  s e e m  Ic c p r e f e r  rap id cIecic~e ,nts , l ’ il c ’ t s I~ I h c i g h — p e r l c c r m —
s l ic e  aircraf t cli mbii c g turns , an d p il c uts of  h e l i c - cu p t e r s  r i g h t t u r t i s  c d i -  a u (c c r c d t a l h c i n .
I t  i s  e v i d e , u c t  t h a t  a Iu tc c c u l t a c c e o u s  e v a s i v e ’  ac t  i c t l ’i c ciii h ’e ’ d c - I  t i m e ’ i i ( a l sii d ti,cm,’w hca( aggravat u’
t h e  deg ree c c l  h a z a r d .

R e g a r d  h u g  n e ar  m i d a i r  c- ct I l l s  iou (I) ic e’ t w e m e n  t ‘sic ( — Q  I cited a Boe I tug 1 17  ~ i g o r e s  7
and  ho ) , ‘ute c u g g r a v a l  i o n  cd ( ice  h a z a r d  by  i n i l i a t  i t i g  a rap i d  d e s c - e n t  c t u i t i c ’ t  - c I t  I i e l v
be e x c l u d e d .  Du r i n g  t i c i s  m a i e d c e u v r e  s i ’v e t a l  l d c u $ s e l i g e t s , W hit hail  n u t  t a s l , -t c , - cl t !l , ’ i r  scat
lc c l t m i , wc ’r e  i n j u r e d .  T h e  v e r t i c a l  accc ’ l e - i - a t l d c l l  m e a s u i r e c l  Ice  t l i e •  c’etl t t’ e c d l  g r a v u t s c ’I (li e’
i e i t c r a t  I w a s  not u n u s u al l y  h u i g u m , as E a t  as we m a y  h a v e  c’ c c u l f i d e i e c e  iii I li e’ t ,•l I i l - i l i t s ’
of t h e  s i m p l e  C I I gil t re cc’ rd e  r cci t Ic e B o e i n g  7 I l  . How e y e t  , I he’ .1 c O e  I er u t  I ’  tc c c l  ( i i , -  p i t s  m c i -  i t  —

g e t s  d ue Ic, s u d d e n  t c , t a t l c d hi $ it1 t h e  a l r c ’ r a f t  atc ’und I t s  h t i l e h i  a c i c s  m u s t  h e. t a k e u i  ti l t c ’
account. Thu s component is parti c - u l u i r l y  hu gh  t i c r pciss eiig e r s m c i t t i t m g ti .- s i  ~ I u,-  end ‘I
t ime  f u s e l a g e .

ii . I E l  f i c ’ i , ’ t e c ’y  c d t  m a n~c a u v t e s  l i i  Ideci l c u p t I c ’aI c’ ic i c c l l t  I c ’ ii s

Tim e’ s f 1  i c - i e n c y  ccl  w e l  1 c c i n s i d e t e d  e ’ v c u m c i v e  ltm cl n c d e ’u v t e s  d e p e n d s , a mc ’n g  -i I - ~ t h i n g s ,
dun t h e  ace e le rat ccci cci t ic ,’ a i  r o t a  f t  in it itt eel b y  t hue p i Ic ’  t , c d t  t h e e  I i sue tie I tig av I I  I i  he Ic
b e ?  cm re t h e  p o t e n t i a l  ccc ii C l i  c t • on Lice  ccve ’ t c u  I I c’pe ’ t i l t I cola I s i t  ua t I c ’ it . ahcet ciii the cch —

as r v a t  i on e r r o r  m o d e l  u s e d  ( 3—7 1 . lice lu i cil iii I I u ct i c e  i s  t r e a t e d  in c l i  , ij ’  t e r  it . .‘ - i t t c e
c
~
iIy small ac oi’ l u-rat I c d l t s  a r e m  p o s s i b l e  pcu t cu l l u I  t ic t he p r i m a r y  II  i g ii t  p a t t i , l a t , - r a l  t ie d

v e r t i c a l  a c c e l e r a ( i u - c n s  p l a y s d c e t i i i n a n t  t i d e ’ ‘sI t u r c s I t e -c - t (c ’  evasive ’ m anc ceuvre s At ii
I i r s t  i u p p r c u x i m u e t i c c tl ( c u r  m uu ncm e c d i v r e s  I c u s t i t i g s c u m ,  m c e c c c n d u i  cm l v , t Ime I t t  i- r a t c c i  s’e~ l t i e s l

1’ d i s p l a c - e m e t s t ir c c m  t Il e’ p r i m i u r y  f l i g h t  p a t h  I s  h m t c , P e . r t i c u l ia l  (c c h a l l  t l u , ’ m a c e c c e u v t e ’  a c c , ’ l —
stat i on and  to  t h e  s q u a r e  c~ t t ice t l i ne  b e t h  lu g a va i l a b  l e t  h u e ?  or e  I ice $ d c d  I e’ l i t  ic e  1 Cccii ? I I c t
T h i s  cict’ cu ce s , e . g . , t h a t  ci la teral d i sp luu c enieua l o f  a p p r c c x i m a l e l y  l i S t s  m (~~IOctO I t  0 . I S  N M )
c-Sic be a c h i e v e d  by  t ne am i s cc l ci i e c u r i z c c n t a l  ( u r i c  l a s t i n g  10 mcc- c’ ;  .‘ se’ c a t e  h i e c - l u d e d  I c ’ r
e s t a b l i s hi n g  ci hittik a n g le  ccl  4 5  deg r e e s .  N e g l e c t  in g c ’h s e ’r v a t  Icc lc e r r o r s , a di ’ s ce t t t
l as t i ng at l e a s t  8 a r c ’ 1 2 se’c~ i n i t i a t h c tti ) i s  n u ~ c - d - m c , c u I  v l c d  ci o i e i , t ,  ci m l l c i n mi c ul  $ i l d ’ I V
dis tanc- . ~c l 0,1 NM II p a s m c e n g e r c i  M i t t  h u g  iu e ti r 1t h e  ce ’cU re ’ ccl tIle’ a i r c r a f t  c i t e  w e i g h t I e~~ s
during thu d e s c e n t .  T u e  r a t , ’  c m l  cIcesu r, ’ cc l t w cc u i i r c r c i t t  I I s -l u g Icc ’acl — e cc c a t  a t t u c ’  a i r -
s p e e d  oC 11- 0 kts it ’ 0.2 NM/sec. Tiee ’rcforo , i? c c n l y ccne p il o t  d e t e c t s  the c c t h cet a i r c - r c u t t
t h i s  p i l o t  w i l l  h a v e  l c d  m t  ( a t e -  t h e  “ I  ( “ t i e  cic ~ e’r u t  a t  l e a s t  I . Ic NM ( ‘  I km) he I id l e  the
p o t e n t  isl e-on f I lo t.

R o g u u r d i t u g  c’ c t n v e r g it c g o c ’i itdemc , a mi n i m u m  sccIc ’t y d is (cu t i c - i c ci 0.1 NM c a n no t  u u l w a y c i  be’
achieved b r  ge omettical te ’amcctn ci by means c d l  an  “ I G ’ Ic i cr ir,c cn tcu l uiriu I c i s Iie g apprc c xi —
mate ly S S e c .  III t h~ w c m t a t  O c u ti e , c l i i ’  ctoc curr u’ nc’e’ ccl (It,’ mlcl ci lr c c t l l l s u c ’ tu i c c  cm n l y  del mcv , ’ci
cdt adv ciu cc- e’ci I c ’ t a mccm ent 14 , t e l .  S it i c, ’ ( hi s  c r 1 1  i c ’cu l cast’ i c c  clepu .ccde ut t cc ii su .v e c r a l  p a i ’ a —
un u ’ t e ’ r a, t hr cat I mat i d cli it I (lie ’ i ?  I I i I e ’t u cy  c c l  O ’c’ci  mc lvi ’ hcc r I z ccn I ci I t u to mc WI I I mci k et ci hi p, It
or .‘veti sue e x c e s s i v e ’  d em a n d  c cl i tiu c observing p I l o t  I I  bot h a i r c r a f t  cu r e’ at t I r s  I I y i n 1 ~
oil d 0 i i V C t p , 1 l l~( ces uru cet s. Ale a n a l y s i s  c m l  (hi’ icfl ’ llluc t eel im p e rat i cc tu al sh t u ia (i c c ns i t t  de t a i l
Is b e y o n d  t h e  scope  0 1 t h i s  p i cpe r  acid t r e a t e d  ice I ‘- I .

Ili t h e  c cmu r se of  acc a c c i d e n t  a n a l y s i s , tim e mi cui m ucu m s a f e t y  d i s t a t u c e  w h i t -h  c o u l d  ha ve
bee n a c h i e v e d  by ifle ac i s of  an • v a s h v e  m alc cu e c lv re  i s  c’ cd m jcu t  eel t a k i n g  s e v e r a l  par cin ie ’ t e r a
i n t o  a c c o u n t , i’ .g .  , ha um k e s t s h l I s h c m e t t t , hc a tu k at ig le , a n d  du r a t i c m n c c l t I c , - m a n o e u v r e  h e —
(cu re t h e  pot  eta t h a l  cciii I t i c ’ I . A f te r w a r d s  • ( lii ’ t I me cu t wii I d c  ( l i e  iii t rud , ’ r u i i r - r c u t t  1c rcch —
a b l y  h a d  a suf l ic - le t i t apparent size is compar ed Ic’ (ic e l u s t  time at w h i t - ic au e f f i c i e n t
manoeuvre could h *ve been I n i t i a l e d  t h c e c t r e t i c a l l s ’ , Th e ’  p e t l c c d  b e t w e e n  t h e s e  (we’ m c c m e u i t s
I s  a v a i l a b l e  I cc r n o r m a l  v i s u a l  s c a n , e t C t e c t h c d u u , cc h u s e r v a t i u c tu , d e c i s i cu iu , ated d i s t r a c t i o n s
by cc ’c - k p h t  d u t i e s , m i s s i o n  r e q u i r e m e i m t s , cur h i a v i g a t i o n req ui r i t t g c- c mli c ’cn t t a t i c i lu . Midair
r o l l  is ion ~ S )  & I I g u t .  4 )  r ep  r e se l l  I ii ci I vi’ c- a l  e x a m p l e .  • It t lie c I rc Ii i sp ,  g l i d e r  cc’ u I d
a t  t lie ea t I i r s t  he t i e  t e e  t e d  a p p  rum x i  m a t e  I v I I Ni’ 0 h e t c c n e’ lhi u 11cm 1 en I I mc 1 i~~’l I I mc i c c ti tm ,’ cci u s e
of i t s  u n f a v o u r a b l e  h e a d — o h  s i l h o u e t t e , ii s l e u c r t  d 1 s t t~~c( i c c n Icy c’i’c’k p it d uties la s t i u u g
6 p e e , fo r e xa m p l e , w c u u i l d  ha ve.  p r e v e n t  eel a vi’ I I- c’cm t csldCre d e v a s i v e lciaiu eu e ’c u v r e  a t  a mod-
c rate “0” factor.

I ~~~~~~~~~~ - — - , . “  - -. , _ -  - —~~ - ____
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6.2 Influence of o b s e r v a t i o n  e r r o r s  on e f f i c i e n c y

The  p u r p o s e  of  an e v a s i v e  m a n o e u v r e  in  i d e a l  o p t i c a l  and  h u m a n  c o n d i t i o n s  i s  t o
a v o i d  the  p r e c i s e l y  observed (li ght path of t he  i n t r u d e r  a i r c r a f t  or , p e r h a p s  m o r e
ev ide n t , t h e  b u l l e t  of a precision rifle. Taking observa tion errors into account , the
pilot m u s t  l e a v e  t h e  cone of a l l  p o s s i b l e  f l i g h t  p a t h s  of t h e  o t h e r  a i r c r a f t  or t h e
bulle ts of a shotgun. If the distance between the marksman and his target is short ,
t h e re is  n o t  a l a r g e  d i f f e r e n c e  b e t w e e n  a r i f l e  and a shotgun. Therefore , observation
errors influence the efficiency of  e v a s iv e m a n o e u v r es  o n ly  i n s i g n i f i c a n t l y  if the distance
between the two aircraft is small during the observation period , whereas at long ob—
servat ion distances , th e efficiency can crucially be reduced,

Fig ure 9 shows the efficiency of well—considered evasive manoeuvres performed by
aircraft (I) as a function of the direction B1 of the line of sig ht in cockpit (I)
and  the de tec t ion  r a n g e  dA . The true airspeeds of both aircraft are 360 kts , t he time
for establishing a bank angle of 25 degrees is 4 sec . the minimum safety distance from
the flight path cone 0.1 NM , and the threshold for the detection of a displacement on
the windshield 

~Bi — 10 mrad (hO mm at I m) . The data for the bank angle and bank
e s t a b l i s h m e nt  a re  n o t  e x c e s s i v e  and  can  e a s i l y  be a c h i e v e d  by an a i r carrier aircraft.
Rega r d i n g  the  h e a d — o n  case  — 0°) and a de tection range dA — 5 NM , a i r c r a f t ( I )  c an
p e r f o rm a s u c c e s s f u l  e v a s i v e  r i g h t  tu rn p r o v i d e d  that its p i l o t i n i t ia tes th i s  act i on
b e t w e e n the distance limits d

E 
— 4 . 2 5  NM and ti E 3.25 NM; that is an usable range

of I NM . If the manoeuvre is tn itiated above 4.25 MM , p ilo t (I) knows too little of
the  f u t u r e  f l i g h t  p a t h  of aircraft (2); i f  d~ is below 3.25 NM , he d o e s  no t have
sufficient time available to l e ave  the  s m a l l  cone p l u s  0 . 1  NM . Fo r a c h i e v i n g  t h e  m i n i m u m
s a f e ty dis tance oC 0.1 NM alone , p ilot (I) approximately needs 13 sec which is equiva-
len t to a closure distance of 2.6 NM . If the bank establishment is reduced from 4 to
2 scc , then the c l o s u r e  d i s ta n c e  d e c r e a s e s  f r o m  2 .6 to 2,2 NM . Provided that the bank
angle is increased to 45 degrees in addition , the c l o s u re d i s t a n c e  f u r the r d e c r e a s e s
from 2.2 NM to 1.6 NM . These few data very clearl y show the influence which the differ-
ent parameters may have on the lower limit of the usable range .

Regarding converging courses , the usable range is larger than in the head—on case
which resul ts from the operational situation assumed in figure 9. Since the detection
range and the true airspeeds are assumed to be constant for all directions B 1 of the
l i n e  of s i g h t , the rate of closure is lower for converg ing courses than in the head—on
ca se. If the visual meteorolog ical condi tions are near the limit or the silhouette and
apparen t size of the approaching aircraft unfavourable , the de tec t i on  r a n g e  m a y  be 4
or 3 NM only. In this case c the total area being usable for an efficient turn is reduced
so much in figure 9 that an efficient turn is impossible even in the head—on case.
Par ticularly for a detection range of 3 NM , the usable area is limited to large angles
B1 of the line of si gh t. The upper limit of the usable area can approximately be raised
up to the detection range provided that the observation error tc B I of the p i l o t i n c l u d i n g  

Ioscilla tions of the aircraft around its axes is considerably reduced. Obviously, the
resol ution of the conflict situation becontea much easier if the aircraft involved are
flying at airspeeds below 360 kts , e.g., at 250 kts in a terminal control area (TMA)
[3~~, or if excessive “C” fac tors are allowed during the evasive manoeuvre.

These studies on the efficiency of well—considered evasive manoeuvres have been
accomp lished on a purely theoretical basis. There are several crucial questions that
mus t be answered b y m eans  of f l i gh t tes t s and  l a b o r a to r y  r e s e a r c h  b e f o r e  r e l i a b l e
conclusions can be made. Some aspec ts , p a r t i c u l a r l y  c o n c e r n i n g  h u m a n  f a c t o r s , h a v e  al-
r e a d y  been men tioned in chapters 4 and 5.

7. CONCLUDING REMARKS

Fortunately the number of fatalities due to midair collisions in visual meteorological
conditions has been low in German airspace during the last years. Consequently, a small
sample of midair conflic ts is only availab le for deriving trends and their relation to
opera tional and human factors so that this overview of our theoretical studies and
acciden t analyses is by necessity sketchy and incomplete. In sp i te of these shortcomings ,
some common fea tures should be mentioned:

The de tection range of aircraft presentin g a small silhouette in some operational
si tuations can become much smaller than the standard horizontal visibility. Then the
“see and avoid” concep t ceases to be operative at medium or high rates of closure.
The midair collisions be tween high—performance military aircraft and gliders are
typ ical examples.

Par ticularly In the cockpit of some hig h—performance mili tary aircraft fly i n g  a
horizon tal turn or in straight and level flight , the in truder aircraft can be totally
or par tially obscured by opaque structures for many seconds. Disregarding these facts ,
some p ilo ts apparently have a falee sense of security. This applies to nearly all rates
of closure,

A t h i g h  ra tes of closure , an evasive action taken can be detrimental and aggravate
the collision risk since a reliable estimation of the future flight path of the in—

- - 
(ruder aircraft is v e r y  difficult in the short time available for observation.

_ _  _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Several countermeasures against midair collis ions in visual meteorological conditions
are obvious. With respect to human factors of the “ see and avoid” concept , an adequate
initial (raining or advanced instruction should be accomplished. In addition , cock pit
duties should be reduced as much as possible since a lack of vigilance for other air-
craft , lasting five or more s e c o n d s  f or e x a m p l e , c a n  considerably aggravate the dep, ree
of hazard provided that high rates of closure must be expected.

As far as the ATC sy s tem is concerned , a reasonable separation of the different users
by means of restricted areas or times of activity should be considered , keeping the
balance between flig ht safety and freedom of airspace for a l l  c i v i l  and m i l i t a r y  users.
At medium and high altitudes radar transponders should be used onboard the aircraft ,
where practicable , by which means a Con tinuous or intermittent p o s i t i v e  c o n t r o l  is
possible from the ground.
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DISCUSSION

JOHNSON: Were all these mid-air collisions unanticipated? In other words, was any sort of
(United States) air traffic control agency involved and were controllers able to inform the air-

crew that there were aircraft in the general area?

WEBER : In two cases, a controlling agency was involved . The first case was the collision
(Germany) between the HFE-320 and 5-91. The HFE-320 was controlled by air traffic control

and the G-91 was flying VFR. But the transponder of the 5-91 was not switched on.
The air traffic controller reported that he couldn ’t see the 5-91 by means of his
primary radar. And the secondary radar he could not use because the transponder
was not switched on In the 5—91 . The second case was the near mid-air collision
between the Boeing 737 at 24 ,000 feet and two 5-91 ’s flying VFR. The Boeing was
under the control of the German Air Traffic Control and both G-9l ‘s were flying
VFR, and their transponders were not switched on. The controller of the German
Air Traffic Control Center reported that he could not see the 5-91 ’s by means of
the primary radar.

PERDRIEL : You talked about the problem of opaque structures in cockpits and you tal ked about
(France) a cinema process which made it possible to have a better knowledge of the visual

obstac les . This offers designers the option to locate such obstacles in better
places so that the pilot may have better viewing conditions. I wanted to ask you
whether the cinema technique you mentioned is a proposal or is it already used in
the aeronautical industry?

WEBER: I am not informed whether or not taking photographs from the cockpit structure Is
(5ev-many) the usual process in the German industry.

F1 
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PILOT INCAPACITY IN FLIGHT
by

Wing Coemander 0 C Reader
Royal Air Force Institute of Aviation Medicine

Paroborough, Hampshire , UK

SUMMARY

Incapacity of any crew member of an aeroplane can have serious implications for the aircraft and
occupants. However, in the case of the pilot , the outcome can be disastrous.

In transport aircraft the hazards of pilot incapacity are reduced by carrying more than one pilot.
For the majority of the flight there is sufficient time to remove the incapacitated crew member from the
controls and retain control of the aircraft. However , under certain critical conditions, (for instance
at low level), this may not be possible; moreover , the pilot may slump forward and restrict the controls.

Various restraint systems were devised and these were considered in turn to determine whether the
hazard presented by an incapacitated p ilot could be avoided by their use , In addition , the incidence of
pilot incapacitation was reviewed in both mi l i tary  and civil a i rcraf t  and the risk compared with other
f l ight hazards.

It was concluded that the risk of pilot incapacitation is low and that the installation of novel
complex restraint systems was not justified . The problem can be solved using existing restraint systems
in transport type aircraft with certain changes to established cockpit procedures. Furthermore , it is
recousnended that aircrew training should include instruction on the hazards of both sudden and subtle
incapacitation and the methods of detecting it in others.

INTRODUCTION

Incapacity of any crew member of an aeroplane can have serious implications for the a i rcraf t  and
occupants.  However , in the case of the pilot , the outcome can be disastrous.

In transport aircraft the hazards of the incapacity of one pilot are simply overcome by carrying
more than one pilot .  For most of the flight; that is, during the cruise, there is usually sufficient
t ime to remove the suddenl y incapacitated pilot from the controls and continue the flight . Under certain
critical conditions near the ground, however, it may be impossible to do th i s .  Furthermore , the
incapacitated pilot may slump forward and foul or restrict  the controls so much that the other p ilot can—
not control the aircraft safely. Special procedures should be considered to obv iate this r isk , and at the
request of the Civil Aviation Authority the Royal Air force Institute of Aviation Medicine has investi—
gated possible methods to overcome it. This stud y was confined to transport aircraft, and improved tech-
niques for the detection of impending incapacitation were not considered. This paper describes the
investigation and the reconisendations that arose from it.

Before the various methods of restraint are described and their individual mer i t s  discussed , the
risk itaelf must be addressed.

Incapacitation of a crew member in f l ight is a rare event. Lane (1971) observed that the proba-
bility of incapacitation is one case in 8 x lO~ flight sectors. Furthermore, the chances of an accident
following an incapacitation is low; Lane (1971) calculated the probability to be 0.074.

Bennett (1972) reported the results of a survey of incapacitation affecting 5000 pilots. The most
coemon causes in order were nausea, vomiting and abdominal pain (1042 cases), acute diarrhoea (450),
earache and blacked ears (153), faintness (120), headache and “migraine” (118) and vertigo/disorientation
(68). Forty five per cent considered that incapacitation had prejudiced the safety of the flight and 562
considered that there would have been potential threat to safety if adverse operational factors had
coincided with the incapacitation. However, none of these reported incide nts had caused an accident .

Rayman (1973) described an analysis of in—flight incapacitation in the USAF . In a five year period ,
of a tot al of 89 incidents there were 36 cases of loss of consciousness, 26 of disorientation, 19 of

~ 
I hypo~da , 4 of fumes in the cockpit , and 1 each of air sickness , hyperventi lat ion, corona ry disease and

otitis media. Twenty four of the 89 resulted in fatalities in single seat aircraft. However, In 54 of
the 89 incidents , the presence of another pilot (in multi seat aircraft) prevented accidents.

- 
- Raboutet and Raboutet (1975) reported on incapacity in French Civil Aviation. They described 17

cases on 24 years; 13 incidents were cardiac in origin and 11 were caused by myocardial infarcts. How—
ever, none of these cases caused any accidents.

Cardiac emergencies in flight were also reviewed by Rayman (1974) who listed 2 confIrmed and S sus—
pected cases of In—flight myocardial infarction in a 10 year period in the USAI . In an a t tempt  to deter-
mine whether some of the 199 unexp lained accidents in that period could have been cardiac emergencies,
Rayman, after investigation, excluded 144 leaving only 55 that could have been caused by in—flight
incapacitation. However, in those 55, there were no radio calls or ejections and he concluded that
mechanical malfunction or pilot error were more likely than incapacitation,

In the US general aviation Fleet, Reighard and Mohler (1967) reported 37 fatal accidents arising
from cardlo—vascular incapacitation in the period 1959—1965. This represents an average of 6 case, per
year and the incidence ha~ remained relatively constant . Of the 1404 general aviation fatal accidents
tha t occurred in the US in 1974 and 1975 only 13 (0.932) were caused by cardlo—vascular incapacitation.
The mean age of the pilots concerned was 52 (range 33—68). However, 53% of 445 ~enera1 aviation pi lot
fatalities shoved signs of atherosclerosis at post mortem (Mohier and Booze, l97~), 

- - -~~ -. 
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In another study, Underwood — Ground (1978) found that 162 of military aircrew (mean age 29 years)
had significant coronary atherosclerosis at post mortem while 24% of professional pi lots  (mean age 40
years) and 232 of private pilots (mean age 37 years) showed similar disease. A control group (mean age
37 years) had an incidence of 182. There are no statistically significant differences either between any
of these rates or from those of a similar study reported in 1963. These figures suggest that pilots do - 

-

not suffer more from coronary disease than other groups and that the incidence remains constant .

In the civil transportation field , the incidence of in—flight incapacitation is no greater than that
experienced by military aircrew, but the larger number of passengers carried per aircraft results in a
greater number of fatalities per incapacitation. Buley (1969) reported that in the years 1961—68 there
were 5 cases of crew incapacitation in civil aircraft which caused accidents involving a total of 147
deaths. In the same period there were 12 pilot fatalities in flight which did not cause accidents.

In the period 1961—72, only 9 cases of crew fatality in—flight in transport aircraft have been
reported world wide (Flight, 1975) and of these 6 caused a total of 339 deaths to other occupants of the
aircraft (Table 1).

In the same period (1961—72) there was a total of 463 reported accidents in scheduled air services
and in these 12,794 persons died (Flight1 1975). This produces an average of 0.58 fatalities per 10°
passenger miles for a total of 2.2 x 1011 passenger miles in those twelve years. In the same period ,
the deaths attributable to all possible cases of crew incapacitation were 339 i.e. 2.6% of the total.

In order to put these figures in perspective, over the last 6 years (1972—77) there have been 169
instances of air piracy and hijacking (Flight, 1978). In these, 877 passengers and crew have been
killed out of a total of 10,096 fatalities from all causes. Thus, 8.7% of all fatalities were due to
hijacking, which is more than triple tha t due to crew incapacitation for the earlier period . Air piracy
has overtaken crew incapacity as a cause of death in air transport.

This brief survey of the literature shows that in transport aircraft, crew incapacity is unconmon,
and accidents caused by crew incapacity are very rare, but in those few accidents many fatalities can
occur. Clearly, any device or procedure that could limit such event, is worth exploring.

A requirement can be stated for a system to preclude involuntary movement of either pilot which
could hazard the aircraft. Movement of the control column, rudder pedals, engine controls etc must not
be restricted, nor must they be operated inadvertently by the incapacitated man, especially when the air-
craft is near the ground, as in the landing and take of f phases of flight.

OPTIONS f
In order to fu l f i l  the requirement , many methods could be considered and some of these are de—

scribed in increasing order of complexity. j
(a) Four point restraint harness

A four point restraint harness consisting of 2 lap and 2 straps over the shoulder united at a cen-
tral quick release fitting (QRF), if worn, would prevent inadvertent movement of the torso of an incapa—
citated crew member . (A pair of lap straps would not be sufficient.)

(b) Four point restraint with inertia reel

The four point harness suffers from the disadvantage that the restraint prevents the crew member
from voluntary forward movement to reach distant controls and is thus unacceptable for most of the time
in flight. To overcome this, the shoulder straps could be fitted with an inertia reel which allows the
shoulder straps to extend under the action of a spring . The inertia reel incorporates a lock so that if
the acceleration and/or velocity of the strap or the acceleration of the reel itself is excessive, as in
crash impact, the reel locks and prevents the shoulder straps extending. The inertia lock is usually set
to respond to accelerations greater than +1.5Gw. The involuntary movement of the torso of an incapa-
citated pilot is unlikely to accelerate the shoulder strap to exceed that level, thus the inertia lock
mechanism alone would not meet the requirement . A study of simulated incapacitation by Harper et al
(1969) found that the inertia reel was completely ineffective in restraining the torso of an incapa-
citated pilot. However, for the critical stages of flight, e.g. below 1000’ ACt, the inertia reel could
be locked . Inertia reels can also be locked at will in an intermediate position.

(c) Increased shoulder strap tension

If the locked shoulder straps proved too restrictive, the reel device could be altered so that a
greater spring retracting force or increased friction could be applied at will to the shoulder straps
so tha t voluntary forward movements would be possible (at some effort), but involuntary movement would

— be prevented . Bice (1971) estimated that SON (10 lbf) would be sufficient and Reader (1976) showed that
$314 (12 lbf) would restrain the involuntary torso movement of all aircrew but would not inhibit
voluntary movement. In practice , the increased restraint would be selected at critical phases, and
released in cruising flight. There is little danger of the increased restraint being selected inadver-
tently, as the crew would soon become aware of it. However, the selection does require action on the
part of rh. crew and could easily be overlooked.

Cd) Automatic shoulder strap tension

If automatic control of this increased spring tension were required, for example to ensure that the
extra restraint was applied whenever the aircraft was below 1000’, it could be arranged that the under-
carriage, landing flip or some other aircraft sys tem would , when selected, automatically increase the
shoulder tension . This would remove the necessity for the crew member to select the appropriate setting,
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but would introduce the hazard of malfunct ion of the relevant aircraft system miscontrolling the shoulder
st rap system.

(e) Retractors

A powered system to move the incapacitated crew member physically would also meet the requirement
but with more attendant complications. The force could be applied by means of a restrsint harness ten-
sioned by springs , compressed gas or pyrotechnic devices. All these systems would require initiation by
another crew member when incapacitation was detected. To ensure that the restraint harness was not di,—
placed by the fo rce of re t ract ion , a negative C or tie down strap from the central QRF to the seat would
be required.

(f) Moving seat.

An alternative method utilizing similar princip les would be to move the crew member’, seat away from
the controls. This would also facilitate emergency treatment , but would be more complex to install.

(g) Airbags

Another method of applying forces to the incapacitated crew member would be by means of air bags
stowed in the adjacent cockpit console and inflated by compressed gas. Detailed attention to design
would be essential as inadvertent actuation would be as disastrous as incapacitation , and the action of
the inflating bag could cause more restriction to controls than an incapacitated crewman.

(h) Othe r systems

The arm rests of the crew seat could be powered to retract  and grasp the pilot ’s to r so , but the
forces required could be injurious. It would be disastrous if the system operated inadvertently and the
system could fail to meet the requirement if it were activated after the crew member had moved beyond the
limit of the movement of the arm rests .  Net res t ra in ts  could be stowed in the appropriate cockpit con—
soles and deployed to restrain the incapacitated crew member. Again the system would be complex , the
risk of inadvertent actuation high and the crewman could move beyond the net ’s sphere of influence.

It  is d i f f i c u l t  to conceive of a realistic system whereby the last four methods could be activated
automatically as the incapacitation arose. Sensors demanding input from the conscious pi1ot to inhibit
activation would either require additional action on his part  or have an unacceptabi y long time delay
before activation.

DISCUSSION

As fa ta l ities caused by pilot incapacitation in transport aircraft are so rare, the more elabora te
method s described above could never be jud ged cost—effect ive .

Only methods involving systems already installed in current transport aircraft could be used , but
changes in crew procedures or t ra ining could be considered.

These considerations champion the simpler systems presented earlier . A four point restraint harness
system incorporating a lockable inertia reel is installed in most , if not all , crew seats.  Ut i l iza t ion
of th is system would involve no installation Costs. If both pilots physically locked their inertia reels
and tensioned their shoulder straps (if adjustment is provided) at take—off and when flying below 1000’,
this would remove almost completely the risk of physical obstruction of the controls. Below 1000’ air—
craft would be established in the landing pattern and the crew would be unlikely to need to move signi—
fican tly. Each pilot would have to be responsible for checking the locking action of the other pilot and
checks , as appropriate, would have to be introduced into crew procedures.

It is arguable that a l ter ing the inertia reels in aircraft to exert the higher retraction force as
discussed under option (c) is likely to be cost effective. If the shoulder harness were always f i t t e d ,
adjusted and locked when flying below 1000 ’ or on take—off , the risk to passengers from crew incapaci-
tat ion would be greatly reduced , as fouling of the controls would be impossible. Therefore, option (c)
would offer little improvement in flight safety but would relieve the crew of the need to unlock their
iner tia reels to lean forward below 1000’; rather more a convenience than a definite requirement.

The cost of altering all inertia reels in transport a i r c ra f t  would be high and unl ikely to be
justified by the improvement in convenience to the crew. However, in a ir cr a f t  where the r e is a need to
move fo rwar d repeatedly to reach inaccessible control. on the approach or on take—off , the convenience
of option (c) could be worthwhile.

- - It would be desirable if all crews were made more aware of the dangers inherent in pilot incapacity.
Special training in simulators or with the use of f i l m s  could demonstrate the br ief  time available for
crews to recognize incapacitation and take the appropriate action. The task of the crew could be widened
to include positive checks on physical and mental state of fellow crew members. Incapacitation in not
always a sudden catastrophic event; nor is it , in itself , easily recognisable. Often it arises as a
subtle change and this could well have occurred In the last accident listed in Table 1.

In addition to the many procedures that have to be completed durIng the approach, landing and take
of f pha ses of f l ight , a fo rmal verbal check amongst all crew members might be used to detect  earl y symp —
tons which could lead to incapacity, and so prevent some of the hazards of sudden incapacitation. 
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RE~OIOfENDATIONS

As a result of this study, the following reconmendations are presented ;

(I) Below 1000’ ACt and on take—off, all pilots of civil transport aircraft should wear lap and
shoulder harness , correctly fitted and adjusted . The inertia reel device , if fitted , should be set
to the locked position.

(2) Checks should be introduced into crew procedures at the appropriate phase of flight to ensure
that this action is not overlooked .

(3) The training of aircrew should include instruction on the hazards both of sudden and of subtle
incapacitation in flight , and the methods of detecting it in others. The action to be taken if it
occurs should be practised .

(4) Consideration should be given to the introduction of a forma l verbal check at appropriate stages
to detect syiaptoma which could be hazardous at later and more critical phases of f l ight .

(5) Procedures to avoid the more l ikely t ypes of incapacity, e.g. gastrointestinal disorders ,
di sorientation , baro trauma etc. should become part of the regular continuation training of all
airline crews.
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TABLE 1. FATAL CREW INCAPACITATION (PRIME CAUSE OR POSSIBLE)

Date Ai rc ra f t  Carrier Location rh~~ 
Fatalities Occupants 

R~~~rk.g Crew Pax Crew Pax

May 24 DC—4 TAA Queens— Freight 2 — 2 — Heart attack
1961 (VH—TAA ) land

Dec 14 L—IO94H Flying Holly— Freight 3 2 3 2 Heart at tack
1962 (N69 13C) Tigers wood

Jan 15 DC—4 — Columbia Pax 2 56 2 64 Heart attack
1966 after take—off

Jan 28 CV—440 tuft— Bremen Pax 4 42 4 42 Stall at low
1966 (D—ACAT ) hansa level , possibly

a f t e r p ilot
incapacitation.

Apr 22 Electra Amen — Ardmore Pa~ 5 78 5 93 Heart attack
1966 can Oklahoma

Flyers

Aug 5 DC—8 ELM Tokyo Pax 1 0 11 53 Captain died
1966 (PH—DCD) during approach.

Co—pilot landed
aircra f t

Dec 8 CV—44O — Oslo No pax 1 0 3 0 Co—p ilot
1966 collapsed onto

controla at- 50’
on approach - 

-

Mar 13 Viscount South East Pax 5 20 5 20 Possible heart
1967 (ZS—CVA) African London attack (crashed

into sea)

Jun 18 Trident BEA Staines Rex 9 109 9 109 Heart condition
1972 (G—ARPI) is listed as

“underlying
cause”

Pax — Passengers 
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SU)O1ARY

Geographical orientation is the psychological process whereby the aircraft pilot maintains an awareness
of his position in relation to geographical points. The antithesis , geographical disorientation is a common
occurrence in flight , the consequences of which vary in seriousness from delays in reaching destinations to
aborted flights , empty fue l tank s and ca tas trophic collisions with hi gh ground . Man has limited guidance
mechanisms and relies primarily on vision and memory for navigation , supp lemen ted in f l i g h t b y a i d s  such as
compasses, radios and maps , providing information that cannot be sensed directly. There is no good evidence
fo r an innate sense of direction in humans . Inade quate and inaccurate visua l information , errors of inter-
pretation , false hypotheses and expectancy , and system—ind uced errors , such as poor pilot—controlle r corn—
munica t ion , may lead to a s tate of geographical disorientation. Case studies of individua l accidents and
incidents have indicated that in many respects geographical disorientation in f l i ght  can be as in sidi ous.
compelling and as s t ressfu l  as spat ial  disorientation. Geographical disorientation may preci pitate spatial
d i so r i en t a t i on  and vice versa. In severe cases , where the realisation of the err or is sudden , there is evi—
dence of panic and disorganisation of behaviour leading to loss of control of th e aircraft . Preventative
actions that may reduce the incidence of geographical  disor ien tat ion inc l ude b e t t e r  t r a i n i n g  and pre—flight
planning, improve d awareness of the problem , elimina tion of system induced errors , and improved navi gation ?, -~

aids , including maps and cha r t s .

INTRODUCTION

Geographic disorientation has been cited as a contributory factor in two recent “pilot error ” mishaps
involving RAF aircraft investigated by psychologists from the RAF Institute of Aviation Medicine . One of
these mishaps resulted in loss of the a i rc ra f t  wi th  both the p i lot  and navigator ejecting safel y. The other
ended in a safely executed emergency landing with the aircraft on itc las t reserves of fuel.

Case Study No I

The pilot , an experienced instructor , was acting as a target for air—to—air low—level cine
gunnery practice by students over the Bristol Channel. The weather was good with visibility at 35 kms
and a 15 kt wind from the north west. While flying a race— track pattern he overcompensated for t he
wind effec t and instead of drifting towards the Welsh Coast he unknowingly moved slowly upwind towards
Ireland . Eventually he saw a coastline which he assumed to be St Annes Head in SW Wales but which was
in fact  the SE t i p of Ireland . On reaching the fue l state for  re turn to base he received a steer of
1000 for recovery which he acknowledged correctly . He then turned onto a heading of 0100 ra ther  than
1000, towards his base in relation to the distant coastline , which he st i l l  assumed to be SW Wales. —

On closing on the headland he rea l i sed  tha t  he was geographica l ly  d i s o r i e nt a t e d  and ca l l ed  f~-r a s s i s —
tance . When t~ld he was over southern Ire land , he turned onto the correct heading for base , ettisone d
his ex te rna l  fue l tanks , and when w i t h i n  range because of a shortage of fue l  he f lame d out h i s  engine
and glided towards his destination. He then relit the engine and carried out a glide landing with the
engine at idle .

Case Study No 2

On their second crew solo flight , a pre—instrument rating test sortie , the crew experienced a
single , followed by a double , a i r c r a f t  u t i l i t i e s  h y d r a u l i c  f a i l u r e . Whi le  car ry ing out emergency
drills for a GCA recovery o n the down—wind leg of a ri ght—hand race—track pattern , the a i r c r a f t ’s
speed dropped unnoticed to below 170 knots. Warned by the navigator , the p i lo t  increased speed in
time to prevent a stall. During this incident , and unknown to both crew , the aircraft changed
heading from 0700 to approximately llO_1200 magnet ic , taking the aircraft across and south of the

runway centre line . At the end of the down—wind leg, the p ilo t ca l l ed  A i r  T r a f f i c  fo r  the h e a d i n g
of his f i na l  turn onto the runway centre line . Expecting to be told to turn ri ght , he was told to
turn left onto a heading of 2500. The pilot asked for confirmation that he needed to turn left ontO
2500. This was confirmed and the pilot acknowledged that he had received confirmation. l ninediately
after his acknowledgement , the aircraft was observed on radar to make a tigh t left turn. Thereafter.
the a ir cra f t  began to lose hei ght with uncontrollable roll and yaw to the left. The p i l ot was unabl e
to regain control and at 3,000 ft both aircrew ejected safely and were picked up by coastguard . The
aircraf t  crashed into the sea. On questioning after the accident , the p i l o t  d id  not c l e a r l y  r,-~. a l l
his exchange with Air Traffic nor did he realise hi, geographical disorientati on. He claime d that he
had tried to turn ri ght Onto the runway centre line .

Both of these mishaps involved pilots who had misinterpreted their positions . In the  Iir st case study ,
the magni tude of the error  vs. great , a p p r o x i m a t e l y  70 kilt,metres , but  the p i l o t  e v e n t u a l l y  r e a l i s e d  h i s
error and made a successful recovery . In the second case , the e r r or was smaller , less than 20 kilometres .
and the p i lot d id not recall being disorientated , but the inc ident  was followed by a nearly fatal crash.
A number of spsci~~ic questions need to be answered . Firstly, why did the experienced inStruct or acknowledge
th. steer of 1000 and then turn  onto a heading of 0100? Secondly, why did the inexperienced p ilot claim
that ha had t r ied to turn  righ t , a f t e r he had acknowledge d the c o n f i r m a t i o n  tha t  he needed to turn left?
Thirdly, could the con fu si on caused by doubt about the aircraft ’s po si t ion  have led to the f i n a l  lo.s of
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control of the aircraft? More generally, how consism is geographical disorientation , wha t is i t s rela t ion-
ship wi th spatial disorientation , and can any thing  be done to preven t i t? To answer these questions we
need to examine the process by study ing i t s  known causes and conseque nces .

TOWARDS A DEFINITION OF GEOGRAPHICAL DISORIENTATION

In the research literature , geographical orientation is considered to be a special form of spatial
or icnt a t i~-a. Ac~ ording to Howard & Templeton ( I) ,  the s tudy of human spa t ia l  o r ien tation concerns those
aspects of human behaviour which are determined by the angular position of the body (or head) in relation
to any stable external reference system. They inc l ude “geographical orientation of the body ” in an eigh t
part classification of human orientation behaviour (Table 1). Posi t ions , objec ts and d irec tions on the
earth’s surface consti tute the stable externa l reference system for geographical orientation. Rotation
about a person ’s own body axis changes his geographical orientation in relation to objects on the earth’s
surface. It may also be changed by linear movements , depending on the direction of the movement and on the
significance of the distance moved .

TABLE 1 — A CLASSIFICATION OF HUMAN ORIENTATION BEHAVIOUR*

1. Judg ing angles .
2. Judging direc tion (e.g. inclination , compass direc tion)
3. Set t ing a point to eye leve l ( h o r i z o n t a l ) .
4. Gravitationa l orientat ion of the body .
5. GEOGRAPHICAL ORIENTATION OF THE BODY
6. Egocentric orientation

— s e t t i n g  a l ine paral le l  with the body axis.
7.  E gocentric o r i en ta t ion

— setting a point to the median plane -
8. Relative orientation of body parts.

* Adap ted from Howard , I.P. and Templeton , W .B. ( I ) .

In terms of s k i l l s  and a b i l i ties , Lich te et al (2) use the term “geographic orientation” to mean the
a b i l i t y  to main ta in  a sense of d i rec t ion , a sense of one ’s posi t ion in the geographical environment and a
sense of the pattern of the physical and cultural features of the surrounding world. Two classes of geo— - -

graphical  or ien ta t ion  sk i l l s  can be d is t inguished , namely :

1. Tasks which involve the ability to maintain a sense of direction when moving about in strange
surroundings , without prior intellectua l knowledge of the spatial position of particular objects ,
such as the ability to walk in a straight line .

2. Tasks which do require intellectual knowledge about spatial positions such as drawing a map,
pointing north or travelling to a destination.

Each of these tasks can be analysed in terms of the role of visua l , vestibular and kinaesthetic factors ,
personali ty and memory .

One can also distinguish between geographical orientation in relation to directly sensed objects and
in relation to objects outside the immediately sensory environment. Gibson (3), for example , has differ—
entiated two types of locomotion: - 

-

I . Locomotion oriented directly toward the goal guided by the sigh t of the goal object .

2. The act of going to an object or space beyond the range of vision.

In aircraf t navigation, geographical orientation is mostly concerned with the latter . Mos t wri ters have
preferred to think of geographical orientation as an in tegrated process in which the ininediste visua l world
is extended , perhaps within a topographical schema or “mental map”, to inc lude positions and objects that
cannot and may never be seen. Both Lichte et al (2) and McGrath (4) accepted the follow ing suninary of the
process of geographical orientation:

“Oriented persons start with something given (through information , percept ion , etc) and inniediately
use this to apply imaginary co—ordinates to the perceived field~ this perceived field is then extended in
the imagination to include a larger area (as large as necessary at the moment). Thereafter the oriented
person maintains his sense of direction and his geographical orientation by (a) being continuousl y aware of
his movements and position with respect to the geographical co—ordinates , (b) being aware of the spatial
relations of newly perceived regions to the familiar regions , or (c) some combination of both. He becomes
so highly practiced in this skill that very li ttle attention is given to the process and often he is
hardly aware of it.”

For the present purposes , geographical orientation will be treated as the process whereby the aircraft
pilot  ma in ta ins  an awareness of his position and direction in relation to aspects of both the ininediate
(e.g. obstructions , relief) and distant (e.g. waypoints , destinations) geographical environment . The pro-
cess of maintaining geographical orientation in flight involves skills and abilities and the performance of
tasks , some of which may r equi re constant monitoring, and others which may be sufficiently well—practiced to
be performed automatically without conscious attention. The antithesis , geographical disorien tation , w i l l
be treated as the process whereby the pilot loses his sense of position and direction in relation to impor-
tant features of the geographical environment. A total loss of geographical orientation is unlikel y to
occur unde r visua l flight rules (VFR) meteorological condi t ion,  as the pi lot  should always be aware of his
position in relation to the immediate topography through information directl y available to the sense,. On 
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th~ othe r hand , unde ,- instrument flight rules (IFR) conditions , the pilot may remain orientated towards
compass direc tions and to his destination without knowing hi s exact position in relation to the l~~ediate
topography or to obstacles that are a hazard to flight safety.

ACC IDE NT STATIST ICS

N - ’v i g at i on  e r ro r s  assoc ia ted  w i t h  geographica l  d i so , - i en t s t i on  a lways  reduce operationa l efficiency and
occasionally cause serious accidents. In 1975 there were 661 fatal accidents and 3,4% n o n — f a t a l  accidents
in US General Aviat ion ~S). A lost/disorientated pilo t was cited as a cause of 43 of these accidents and
as a contributory factor in a further 20. A furthe r 189 accidents were caused by p ilots who became lost
because they coot inued VFR into IFR weather conditions . In total , geographical disorien tation was a con-
t r i b u t o r y  cause in . 5 2  ( 1 ’ . l Z)  of accidents. During the same period, “spatial disorientation” (i.e. gravi—
tj t io,,a l d i so r i e n t a t i o n ) , as distinct from geographical disorientation , was c i ted  as causi ng 109 acc iden t s .
U was never cited as a con t r i b u t o r y  fac tor .

Falk.-nbe rg (6) reported an ana l ysi s of 154 pilot error accidents within the German Federal Arme d
F~’r~~es for the years 1967—1970 . Misinterpretation of geographical position , one of 41 error  categories
di st inguished , was identified as contr ibuting to  4 (2.51) of the accidents. “Misin terpretation of attitude ”
was cited as a tac -t or in 20 (12.3%) of  the accidents. The mo st  f r e q u e n t l y ci t e d  cause , “fal se incomplete
normal pro.- .d ur.”, was responsible tor 36 (22 .21) of the accidents .

Cases oh geographi cal disorientation are sometime s inc luded in studies of spatial disorientation. A US
Ar my study of 1520 pilot— error helicopter mishaps (accidents and incidents) in the period 19 71— 72 and 452

~‘i1ot— err or fixed—wing mish aps in the period 1969—71 is reported by Ricketson ~~ al (7). Here , geographical
d i s or i en t a t i on  was treated in the same category — “diaorientation/vertigo ” — as other forms o f  spat ia l  dis
ori,~ntsti on. “Dis orientation/vertigo ” was ci ted as a factor in 75 helicopter mishaps and 11 fixed—wing mis-
haps. “Naviga tion error ”, a separate category, occurred in 20 helicopter mishaps and 7 fixed—wing mishaps.
D i s o r i e n ta t i o n / v e r t i g o  accounted  for 121 of the commo n factor varianc e and invo lved 62 of the helicopter
cases. In tixed—w ing mishaps , disorientation/vertigo accounted for 10% of the consm n fac tor  va r ianc e and
el ot  the individua l cases .

Fur the r  q u a n t i t a t i v e  data on the occurrence of disorientation and vertigo (false sensations of rotation )
were ob ta ined  by Cla rk and Grayb ie l  (14) from interviews with) 137 jet pil ots. Almost all had experienced
vert i go caused by confus ion  of attitude’ and motion, but 47% aLso reported experienc ing geograph i c a l dis-
orientatio n during i n c i d e n t s  of verti go. Her e , geographical disorientation was treated as a by—product of
vert igo.

The moat extensive analysis of geographical disorientation statistics is reported by McGrath and
Borden (9). En the 5 yea r period 1958—62 . the lIS Armed Forces lost 82 aircraft destroyed and had at least r.
122 aircrew killed in acciden ts caused by geographical disorientation (Table 2).

TABLE ‘ — US MILITARY ACCIDENTS CAUSED BY GEOGRAPH1CAL DISORIENTATION (1958—62)*

A i r c r a f t Men
Destroyed Killed

Army 12 8

Navy 21’ 57

Ai r Force 44 57

Total 82 122

* Adapted from: McGrath & Borden (9).

• Civilian statistics for the 3 year period 1959—61 showed a total of 343 accidents with 41 fatalities due to
geographical disorientation under VVR condi t ions . A further 613 accidents and 365 f a t a l i t i e s  resul ted from
civilian pilots who became lost because they continued VFR into lFR weather conditions. In total , geographi-
cal di sorientation was a contributory cause of 6.7% of all general aviation accidents in the 1959—61 period.
A n a l y s i s  of 118 of m i l i t a r y  a i r c r a f t  acc iden t s  tha t  r e su l t ed  from geographical d i sor ien ta t ion  revealed tha t
522 r e su l t ed  i n  c o l l i s i o n  w i t h  t e r r a in . 311 e-aused the ai r c r a f t  to be abandoned and 12 % forced an emergency
land ing .

Aircraft collisions with terrain or other obstacles are usually catastrophic. When geographical dis-
orien tation is involved , of ten the p ilo t is unaware of his naviga t ion error , believing his position to be
elsewhere . 1/ITA statistics for the period 1963—66 showed that 34.5% of all passenger deaths were caused by -:

acciden ts inveliving high ground . Approximately 150 accidents occurred in each of these years , of which
approximately 9% were collisions with high ground that had resulted at least in part from errors in naviga-
tion. A de ta i l ed  s tudy of eleven of the hi gh ground accidents involving navigation error during this period
indic ated that the envelopment of the ground in cloud was the main cc-’nvnen factor and three were due to con—
tinciance of VFK i nto IFR weather conditions (to) . The 1975 US General Aviation accident statistics show
that “Terrain—High Obs t ruc t ions ” was the most frequently cited cause or related factor in fatal accidents
(15. 162).  C o l l i s i on s  w i t h  the ground (or wate r)  in which the a i r c r a f t  wa, in con tr o l l e d  f l i g h t accoun ted
fo r 2 12 (4 ,9%) of  al l  accidents  (5) . Thi s comparat ivel y ,  new accident category, known as Controlled Flig ht
into Ter ra in  (CF I T ) , imp l ies an unawarene ss of the a ir c rew oh the impending collision and hence some degree
of geogra phical di sorientation (II).

Similar conc l us ions can be drawn about accidents inve’lving collisi ons w i t h  w i r e s .  Du r ing  the period
1969—74, 104 wire strikes were recorded in the tIN , i nvolving civil ian aircraft. Approximately 20% of these
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accidents were fatal. Between 1964 and 1972 helicopters of the British Army Air Corps recorded 56 wire
strike accidents of which approximately 102 were fatal, In wire strikes , as in collisions with high
ground , failure to anticipate and avoid obstructions are indicative of unawareness of the location of the
obstacles and hence inadequate geographical orientation in relation to these features.

Geographical disorientation does not always result in aircraft accidents and most non—serious occur-
rences are unrecorded, Some indication of the high frequency with which civilian aircraft become lost can
be gained from Flight Assist Reports. Re—orientation by calling air traffic control for assistance
accoun ted for 882 of FAA Flight Aasist Reports in 1962. McGrath and Borden (9) suggest that this is pro-
bably a conservative estimate as flight assists for lost pilots were so commonp lace tha t up to 50% wen t
unrecorded . In order to assess the full extent of the problem in military operations , McGrath and Borden
(9) examined the records of 959 low altitude attack training missions conducted under visual fli ght rules .
Analysis showed that 102 of the missions failed completely because the pi lots go t los t and 17% involved
disorientation and subsequent recovery, finally arriving late at the destination. Of the 126 p i lo ts who
had flow n 6 or more missions, 802 got lost on at least one mission and 50% became geographically dis-
or ientated on at least 232 of their missions . In other words , there were large individual differences , but
the problem was a general one and not confined to a small number of disorientation—prone aircrew .

Analysis of trends in geographical disorientation statistics are complicated by d i f f e r e n c e s  in cla ssi-
fications and the inadequate way in which occurrences have been recorded. One would anticipate that the
proliferation of navigation aids in modern aircraft and the improvement of area navigation systems should
have reduced the incidence of geographical disorientation, at leas t among civilian passenger transport and
military aviation. The slight reduction in the US general aviation accident figures between the 1959—61
period and 1975 provides only scant support for this hypothesis (Table 3). Unfortunately, McGra th and
Borden (9) only report absolute numbers of US military accidents for the 1958—62 period and thus compari—
sons wi th the FRG mi l i t a ry  data reported by Falkenberg (6) are meaningless. On the other hand , Ruffell—
Smith’s data (10) on the frequency of high ground collisions in 1963—66 (92) is probably comparable with
the NTSB CFIT figure for 1977 (4.942), indicating a slight reduction in the frequency of accidents but not
necessarily in the number of fatali t ies .

TABLE 3 — ACCIDENTS DUE TO GEOGRAPHICAL AND GRAVITATIONAL DISORIENTATION

Geographical Gravitational 
NDisorientation Disorientation

US General Aviation f.
All accidents. 1975 252 109 4,157
NTSB statistics (6,1%) (2.62)

US General Aviation
All accidents. 1959—61 856 — 12 , 776
Fr om: McGra th & Borden (1963) (6 .72)

German Federal Armed Forces
Pi lot—error  accidents . 1967—70 4 20 154
From: Falkenberg (1973) (2.52) (12.32)

Few useful conclusions can be drawn from this analysis of accident statistics. The information come s
from a variety of sources in the guise of numerous classifications inc luding CFIT statistics , data on
“spatial disorientation”, navigation errors , VFR-IFR transition problems and ATC Flight Assist Reports.
Taken together, they indicate that geographical disorientation is probably still a coelnon occurrence in
flight, that it is a more serious problem in some aircraft operations than in others , for instance in low
altitude attack training and helicopter nap—of—the earth fligh t, that most occurrences are soon recognised
and present only a temporary problem soon resolved for instance , by calling for an ATC f l i gh t assis t, and
that a few occurr ences remain undetected by the aircrew and result in collisions with obstacles and high
ground , usually with catastrophic consequences . More useful conclusions could be drawn from detailed
studies of data on specific aircraft operations, such as McGrath and Borden ’s (9) investigation of low
al t i tude training records , but inevi tably  the resu l t s  are d i f f i c u l t  to general ise  to other roles .

RESEARCH ON GEOGRAPHICAL ORIENTATION

The Development of Geographical Orientation Ability

Interest in the process of geograph ica l orientation in humans dates back to the early 1900,. The
first experiments were mostly concerned with children , on whether or not a sense of direction is innate
and on how geographical orientation abilities develop and should be taught (Lichte et al (2)). There is
no good evidence for a special “magnetic ” sense of d ir ect ion in h umans . Remarkable feats of navigation
have bee n reported in primitive societies but these can al l  be accounted for by the use of v i s ual  cue s ,
some quite subtle , and by information stored in memory , without implicating a special sense e.g. (12).
This does not mean that the re a re no inherited differences in orientation aptitude . Malan (13) found
that identical twins were more alike in their geographical orientation ability than fraternal twins . He
concluded that the ability to ori ent is to some extent  i nhe ri ted , meaning tha t Boise people are more readily
able to learn to orient themselves than others . It could also mean that twins are more likely to be taught
geographical orientation ski l ls  in the same way .
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Men tal Maps

Studies of geographical orientation in humans have mostly been concerned with the ability to point in
a given direction and draw maps e.g. (14). The study of mental maps or topographical schema reproduced by
drawing has continued to interest some researchers , particularly planners e.g. (15) . The major weakness
with this work concerns the relationship be tween the ab i l i ty to draw maps and the ability to navigate and
maintain geographical orientation . One can reason that the better the mental map established say in pre-
flight planning,  the easier and more accurate the subsequent navigation, but this relationship has not
been tested empirically , it would account for the reduced probability of geographical disorientation in
f ami l i ar te r ra in .  Reproducing mental  maps may involve a completely different set of skills and abilities
than maintaining geographical orientation in flight. The most significant conclusion from these studies
is that there are consistent individua l differences in orientation ability measured in this way.

Skills and Abili ties

Attempts to identif y the modifiable skills and stable perceptual attributes involved in geographical
orientation have met with mixed success . Whereas for 75 college students performanc e on a pointing task
correlated highly (0.51) with the spatial visualisation test in the Cuildford—Zinimerman Aptitude Survey,
Clarke and Malone ([6) found no relationship between pointing responses and spatial visuatisation or spatial
orientation when 242 naval aviation cadets were subjects. Findlay et al’s (17) study of the skills involved
in land navigation euphasises the importanc e of location skills such as direction estimation and terrain
visualisation from map contour lines rather than compass skills . Powers (18) also studied land navi gation
skills and demonstrated the value of training for improving geographical orientation performance in the
field. Most of the available evidence (e.g. (19)) seems to indicate that performance on spatial tests is
relatively unaffected by training and that the concepts of spatial ability — spatial pattern , Spatial o:ien—
tation and spatial visualisation — are reasonably well developed at an early age ( e .g .  (20)). A recent
study by Hill and Burns (21) confirms this by showing that  the a b i l i t y  to v i sual ise  t e r r a i n  slope from con-
tour maps was not improved by land navigation training whereas other skills less dependc - nt c- spatial ability
were a f f ec ted , such as object interpretation. Pa

Studies of Navigation Performance

Studies of geographical orientation in aircraft are mostly concerned with ass, s -~~ u ion per—
formance and IP , LZ and target detection probabilities under different operationa l -~ - n c u i - n s  ~ 

-
~~ d i f f e r e n t

navi gation systems . A number of systematic measurements of unaided helicopter low al~~ctu uc- ~~tion per-
formance have been reported (e.g. (22,23)). An extensive series of experiments on un- -~c rca\ i ga: ion per—
fo r mance in simulated low al ti tude hi gh speed flight are summarised by McGrath (24). ~~- -c studies were (1
mainly concerned with the effects of cartographic var iables on performance , inc lud ing  t t t c  e f f e c t s  of map
scale, informa tion con ten t , colour coding and place names. They also compared the visual utility of terrain
fea tures  as checkpoints with map comp i la t ion  selection rates and the apparent utility of features judged
from their appearance on maps . The results consistently demonstrated the importance of map design factors
for successful geographical orientation. Ruffell—Smith (10) concluded that all of the CFIT accidents he
studied might have been prevented if the maps used by the crews had better terrain representation.

Most of the experiments on geographical orientation in humans have been summarised by Lichte et al (2). ‘

McGrath (4) and Howard and Templeton (1). McGrath (4) lists the following conclusions about geographical
orientat ion that may reasonably be drawn from this research:

1. Geograp h ical orientat ion is not an innate sk i l l .
2 . Geographical orientat ion is not mediated by some unknown sensory mechanism. Vis ion  is the
primary source of or ienta t ion  information .

3. There are large individua l d i f f e r e n c e s  in geographical o r i en ta t ion  abilities. Gross errors
made in estimating direction to distant places are rather co,mnon.

4. When the directional orientation of large groups of subjects has been studied , large constant
errors have o f t en  been noted.
5. Attempts to predict individual differences in orientation by identify ing measurable correlates
of these differences have been generally unsuccessful.

THE ETIOLOGY OF GEOGRAPHICAL DISORIENTATION

Investigations of the etiology of geographical disorien tation are of t en  characterised by anecdotal
reports of individual  cases intended to indicate the types of situations some p i lo t s  have experienced
e.g. (25),(9) . Systematic studies of geographical disorien tation are rare because the process is a sub—
jective phenomenon and it is difficult to manipulate pre—conditions under controlled experimental con—
di tions .

Vestibular and Kinae,thetic Cues

Howard and Temple ton (I) summarised a ntsr,ber of studies in which attempts were made to induce gen—
graphical disorientation by blindfolding subjects and rotating them passively, with vestihular cues pri’-
dominating, or actively, wi th both vestibular and kinaesthetic cues present . Passive rotation without
kinaesthetic cues general ly caused greater d i so r i en t a t i on  hut  the e f f e c t s of var i a t ions in  ki naes thet i c
and vestibular sensitivities were not well known . Theae studies have little relevanc e to aircraft naviga-
tion where only visual cues are likely to have a significant effect on performance .

Clinical Studies

Research on clinical disturbances of geographical orientation is also discuq,ed by Howard and Temple-
ton (1). The possibility that vestibular dysfunction may lead to a greater prob ability of geographical dis -
or ien ta t ion  cannot be ruled out and needs to be checked . Sli ght persistent asymmetries in vestibular
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“tonus” could be responsible for consistent veering tendencies that have been observed in some individuals.
Lesions in the pa riet al lobes of the bra in are most colissonly implicated leading to deficiencies of spatial
ab ility and topographical memory. Aphasia may also cause geographical disorientation when the patient has
d i f f i cu l ty  in describing locations . The conclusion that disorientation may also involve a pathological
inattention to backgrounds was suggested by the finding that performance by a brain—damaged patient on a
route f inding task was correlated with performanc e on a conditional—reaction task in which the background
of the stimuli had to be taken into account . The implications of these findings for normal functioning are
unclear because of the general lack of theoretical discussion. Yet they do serve to underline factors that
may lead to geograph ical disorientat ion in normal individuals , i.e. underdeveloped spatial abili ty , poor
organisation and retrieval diff icul t ies  in memory for topographical information, inadequate verbal repre-
sentation and naming responses, inattention, and field—dependency effects.

Operational Factors

Vision is the primary source for providing cues for geographical o r ien ta t ion .  Operational factors
that change the visual information available for unaided aircraft navigation are likely to a f fec t geographi-
cal orientation performance. The reduction and degradation of visual cues at night and in unfavourable
meteorological conditions make visual navigation more difficult and geographical disorientation highly
probable unless instrument navigation procedures are followed, or position—sensing equipment is fitted
(inertial , radio, doppler navigation systems) or ground mapping sensors and disp lays are used such as
radar , infra—red , low—light TV , and image intensification goggles. Geographical disorientation during
visua l navigation is co~~~nly associated with flight in military aircraft at low altitude because of the
high angular velocities of terrain features , reduced field—of—view , oblique perspectives and terrain masking.
The high probability of geographical disorientation in single—seat aircraft in low altitude flight at high
speeds has necessitated expensive equipment fits to automate the navigation task. At present , few he li—
copters are fitted with navigation systems because of high costs . Low cost , high resolution, reliable
systems are becoming available which are likely to be adopted in the next generation of helicopters .

Problems of navigating existing hel icopters by unaided visua l reference and map reading are discussed
by Wright and Pauley (26) and Barnard St al (27). The latter lists sixteen different causes of geographical -. 

-

disorientation in low level helicopter operations , ranging from poor quality and out—of—date cartographic
information to workload and attentional factors. Seventeen different techniques for reorientation were used
by helicopter pilots. The most co~~~n procedure was to retrace the route to the last known position. The 4

requirements for a systematic evaluation of future helicopter navigation systems are described by McGrath
(28) . - -

Disorientation can be experimentally induced in studies of aircraft navigation performance by vary ing
the navigation information available to pilots such as from equipment and maps . McGrath et al (29) ,  for
instance, studied the occurrence of speed control errors in simulated low altitude flight by deliberately
introducing discrepancies between the aircraft’s observed position and its planned position. Under labora—
tory conditions, speed control inversion errors occurred more often when the pilot was attending mainly to
his position than when he was attending to his elapsed time. It is not known how coimnon speed control
inversions are on operational missions . Simulators provide a safe environment for manipulating variables
and inducing navigation errors that migh t otherwise endanger lives under operational flying conditions.
However, the removal of the threat to f l i ght  safety reduces the psychological severity of the disorientation
experience and affects the kinds of responses that are likely to occur. Cine—film simulation of low alti-
tude missions restricts the pilot’s control over the route flown and limits his ability to divert from the
planned route. Television monitor/terrain model systems allow route variations but practical limits on the
size of models mean that the pilot soon becomes familiar with the topography of the area flown. Computer—
generated terrain imagery, when it becomes available , will provide the desired flexibility but it will
und oubtedly sacrifice some degree of pictorial realism.

Stat istical Studies

The statistical data already referred to, has identified continuance of VFR into IFR weather conditions
as a major cause of geographical disorientation in general aviation and CFIT accidents. Lack of pre—f light
planning is probably another main cause. McGrath and Borden (9) included inclement weather conditions as
one of six major problem areas that lead to geographical disorientation in military aviation, namely:

I. Visual References. Poor selection , detect ion and identif ication of checkpoints.
2. Navi gation Procedures . Inefficiency in reckoning procedures , fa i lu re  to adhe re to f l igh t  plan,
and faulty control of the aircraft.

3. Aeronautical Charts. Chart inaccuracies , misreadings and misinterpretation of cartographic
information.

4. Weather Conditions. Unfavourable winds and poor visibility.

5. Pre—flight Procedures. Inadequate or inaccurate planning.

6. Cockpit Instruments. Faulty design and poaitioning of instruments and malfunctions leading to
misreading.

Three sets of data on the frequency of these causes of disorientation showed a consistent pattern
(Table 4). Visual referencing problems — misidentifying or missing checkpoints — were always first in the
problem hierarchy whereas weather conditions and pre—flight procedures played much less domi nant roles.
Visual referencing caused the greatest difficulty in low altitude flight where the visual field is limited
in area, dynamic with high angular velocities , oblique in perspective , and masked by terrain. 

——‘~~~~~ - - _ 
_ 

_ _ _ _



TABLE 4 - CAUSES OF GEOGRAPHiCAL DISORIENTATION AS INI)ICATED BY THREE DIFFERENT STUDIES5

Stud y 2Study 1 . Study 3108 critical
135 Navy - Opinions of

incidents i.nlow—al ti tude  t r ain ing  . 305 US Army
missions genera l m ilitary pilotsaviation

V i s u a l  re ferences 46% 36% 33%

N a v i g a t i o n  procedures 19% 23% 23%

Aeronautic al charts 16% 14% 12%

Weather conditions 8% 16% 7%

P r e — f l i ght procedures 6% 8% 16%

Cock p it i n s t r u m e n t s  5% 4 % 9%

S

- - * Adapted from McGrath and Borden (9).

Individua l Difference s

As noted earlier , there are large individual diffetences in the frequency with which pilots became
geographically disorientated on low altitude attack training missions. Consistent individua l differences
have also been found in performance on direction pointing tasks . In ai rcraft navigation , individual dii—
ferences in proneness to geographical disorientation are most likely to be due to differences in the ways
in which pilots interpret and uti liae navigationa l i n f ot m at i o n .  McGrath and Borden (9) found tha t pi l o ts
conceive of their navigational position in different ways. A total of 56 pi l o ts were asked to report the
kind of conceptua l reference they used during aircraft navi gation. Many of the pilots (40%) thought of
their position in relation to their aeronautical chart , i.e. moving over the map. Others , conceived of
their position in relation to the real terrain below them (28%) or used a temporal reference where they are
positioned as a point in time rather than in space (22%) . A small minority (192) conceived of their posi—
lion in relation to a mental map. in practice , most individuals probably rely on a c omb i nat ion of these
references. Mental maps are probably the least reliable conceptua l reference for accurate navigation and
over—dependence on them is l ikely to lead to the greatest probability of disorientation. The effects on
geographical orientation of using different conceptua l reference systems have no t been inves t i gated .

Automated Navi gation Sys tems

The merits of different conceptua l reference systems have implications for the desi gn of a i r c r a f t
navigation disp lays. In theory , the earth reference of the display should be compatible with the pilot ’s
conceptua l reference. Experimental evidence suggests that most pilo ts conceive of the earth as the fixed
component of the navigation system. Henc e , it has been argued that in map displays , the  map should be the
fixed component against which the aircraft should move (30). This philosophy has guided the design of alti-
meter and altitude displays but most map disp lays have a moving map—fixed aircraft symbol format to enable
the “view—ahead” of the aircraft to be maximised and held constant (31). A t presen t , in aircraft fi tted
wi th moving map disp lays , the pil ot needs to carry a hand—held map enscribed with route plan and tactical
information. This is used as the primary visua l reference and the position indicated on the map disp lay is
used to c o n f i r m  and upda te the a i r c r a f t ’s posi tion in relation to the fli gh t p lan. Undoubtedly, the pro—
vision of moving map d i sp l ays  has significantly reduced the probability of geographical  d i sor i en ta t io n in
low f l y i n g  airc r a f t  but there is no evidenc e tha t  d i s o r i e n t a t i o n  has been caused by confus ions  concerning
the disp lay movement relationships .

System— induced errors are an avoidable , but seeming ly inevitable consequence of semi—automated naviga-
t ion  procedures.  We i ne r (11 ) reviews a number of recent CFIT acc iden t s  w h i c h  were the r e sult  of sys tem—
induced errors . He makes the point tha t  CFIT5 are not caused by s ing le  fa c t ~ rs but are s y s t e m  gene ra t ed .
Pilo t—controller communication problems are a good example of system failure which may cause geographical
disorientation. Others include flight—deck workload , crew co—ordination , warning devices , noise—abatement
p rocedures , and government regulations . In military aircraft , iner t i al naviga t i on systems w i t h  associa ted
moving  map d isp lays automate the task of pos i t ion  monitoring and provide the p i lo t  w i t h  va luab l e  guidsnc e
cues for navigation and weapon delivery . The value of these systems i s  determined partly by th e i r  accu r a c y
and reliability and par t ly by in terface and system management considerations. Problems are being experienced
with equipment installed in current military aircraft because of the unacceptable head—in cockpit tins’ needed
for in—flight data entry , particularly for p ilots of short stature , CFIT accidents have occurred under cir-
cumstances in which the pilot may h~ v~ had his head down in—putting new co—ordinates or updating the system ’s
accuracy. Most of thest’ problems can be re solve d by simp lified controls and disp lays  locat,’d close to t he
norma l line of sight , e.g. a “chin—up ” dig ital keyboard and assoc ia ted  a l phanumeric display .

PSYCHOLOGICAL FACTORS

One of the most f r e q u en t l y  repor ted  f i n d i ng s Iron case studies ot geographic~il diso , i~-nta t ion is that
er rors , even la rge  one s , tend to resist detect ion and persi st , perhaps fo r  as long as seve, ,l m on t h s . desp i t e



~~~~~~~~~

- -

~~~~~~~~~~~

- - - - -

~~~~~~~~~~~~

-- 

~~~~~

—

~~~~~~~

--
~~~~~~~ 

-

~~ ~~~

-

~~~~~~~~~~~~~~~~~~

--—

~~~

---

~~

-- -

~~~

--

~~

--
~~

--

~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

89-8

informa tion clearly inconsistent with the incorrect orientation. The compelling nature of geographical dis—
orientation was noted by Bine t (32) and Peterson (33) who described the experience as an “illus ion” . They
reported that it was often initiated by inattention or distraction when making a turn , and that it was often
as large as possible, the real world being rotated by 180 degrees. If the incorrect orientation occurred
before entering a new reg ion it often persisted for months or longer despite knowledge of the true directions .

McGrath (4) reports that a disorientated aircraft pilot may find the illusion so compelling that he may
become absolutely convinced that his instruments are wrong . McGrath and Borden (9) quote the following
example :

“On a night training mission over highly familiar terrain the instructor pilot mistook the lights of
one city for those of another 100 miles away . He became incredulous of his VOlt reading and concluded
that his radio was malfunctioning. He soon became totally disorientated in an attempt to fix his
position. Fuel was exhausted before he could reorient, forcing him and the student pilot to abandon
the a i rc ra f t . ”

Incidents such as the above are symptomatic of the same psychological process that led the inexperienced
pilot in the second case study , reported in the introduction to this paper , to apparently disregard the Air
Traffic instruction to turn left , and that caused the experienced instructor in first case study to transpose
the steer of 1000 to 0100 magnetic af ter  acknowledging that he had recei ved it correctly and to perceive the
distant coastline as South Wales rather than as somewhere else . Essentially, they are all examples of the
disorientated pilot making the information which he is receiving from the world f i t his perceived mode l of
the world rather than building his model on the information available . Information inconsistent with the
model can either be ignored , f iltered out and not attended to , or processed and rejected as inaccurate , such
as a “malfunc tioning” radio, or simply misperceived. The steer of 1000, for instance, was clearly sensed and
read back correctly, and yet sti l l  perceived as meaning 0100 beca use the pilot was expecting to hear a head-
ing near to north.

Our perceptual model of the world is the outcome of an interaction between information directly
received through our senses from the outside world and the internal information stored in memory in the
form of expectancies and preconceptions of what past experience has taugh t us ough t to be there . These
built—in expectancies play a major part in forming our perceptions when sensory informa t ion is inadequate
or aithiguous, But even when there is plenty of sensory in~ormation we s t i l l  tend to be selective and
reorganise the information so that wha t we perceive conforms more to what we expect than is ju s t i f i ed  by
the sensory evidence . Most of the time what we expect conforms to the reality . Inappropriate expectancies
or false hypotheses are normally modified or rejected when an opportunity arises for them to be tested by
checking against information sensed directly, such as compass indications and pre—planned checkpoints. They
are likely to persist when there is l i t t le opportunity for an adequate test either because the sensory cvi—
deuce is sparce, for instance , in barren terrain, or lacks uniqueness like roads in build—up areas , or because 

—the evidence is insufficiently strong to challenge the hypothesis , for instanc e , when doubt exists about the
serviceability of equipment . False hypotheses are particularly resistant when they are extremely probable
and when they have been held for a long time. In such cases they can be retained despite a mass of evidence
to the contrary. False hypotheses are also likely to be retained and acted upon when the individual is dis-
tracted , particularly after a period of stress or high anxiety. :

It has also been noted in the literature that the conflict of cues for a disorientated pilot may pro— I - -

duce marked nervousness , confusion, stress and even vertigo (2),(4). McGrath and Borden (9) quote the
following example from a US Army accident report:

“Pilot became disorientated in flight without realising it. He was about to land at what he thought
was his destination , when he suddenly realised it was the wrong airstrip. He became so ahaken and
confused by this sudden realisation that he crash landed the aircraft.”

Emotiona l reactions to the experienc e of being lost in fligh t vary. McGrath and Borden (9) report responses
by 45 military pilots to the question “How did you feel when you realised you were disoriented” referring to
a specific critical incident. Only 162 reported “Little or no concern ” . 112 reported that they were con-
fused or buf uddled , 27% reported e~~arrassment , 35% reported moderate anxiety and 112 reported extreme con—
cern and fri ght.

As already discussed , the facts of perception in general suggest the presence of powerful organising
tendencies which show great resistance to re— organisation. Thus , when the disorientated individua l f inds
that the sensory evidence does not agree with his preconceived model , he becomes greatly disturbed and may
actually disbelieve what he sees. These reactions are similar to those normally associated with gravita-
tional disorientation. On the other hand the subsequent precipitous breakdown and disorganisation of
behaviour , leading to the loss of control of the aircraft that often follows severe vertigo , seems less
likely to occur during the stress of geographical disorientation because we are more familiar with its
effects — it happens during land navigation — and because our cop ing responses are better learnt . Further-
more , gravitational disorientation results from false sensations from the vestibular receptors , which can be
hi ghly distracting,  as well as from visual misperceptions , whereas geographical disorientation is primarily
a problem of visual misperception. Some sources suggest that geographical disorientation may be caused by
vertigo (8) , and others suggest that vertigo may be caused by geographical disorientation (2). These con-
clusions rely on anecdotal reports of individual cases rather than on controlled scient if ic  research.
Accurate knowledge of the vertical is a prerequisite for geographical orientation and it is not unreasonable
that geographical disorientation should be a byproduc t of vertigo . But apart from an indirect effect of
geographical disorientation causing information overload and inattention to attitude cues , it seems unl ike ly
that geographical disorientation , arising from visual misperception , could lead directly to gravitationa l
disorientation and the misperception of vestibular information. In the second case study, when the dis-
orientated pilot lost control of his aircraft , the accident was probably caused by a co~~ination of the
pil ot ’s inexperience and his strugg le to resolve the conflict of information about his position , both of
which could have lowered his capacity to cope with the events that followed .

_ _  - —-j ---—



PREVENTION

The available evidence gives little grounds for expecting that selection procedures based on tests uf
spatial abilities can reduc e the incidenc e of geographical disorientation. Training in pre— fligh t planning , - 

- -

or ienta t ion and re—orientation technique s probably o f f e r s  room for improvement , but th is should be based on
systematic research on the optimum operating techniques, conceptual reference systems etc .

In pr inc iple , auto mat ion  of navigation funct ions should reduce the frequency and seriousness of geo-
graphical disorientation. Geographical disorientation is unlikely to be eliminated entirely as long as the
pilot has a system monitoring and executive decision—making role. Improvements in the resolution and reli-
ability of future navigation systems such as laser gyroscope inertial navigation systems and the NAVSTAR
Satellite Global Positioning System, will undoubtedly increase the operator ’s confidence that the aircraft ’s
pos ition actual ly  is where the system says it is. But even with such advanced systems , disorientation could
still result from inadequacies in the ways in which the position information is conveyed to the pilot .
P ilot—controller comeunication problems are a good example of a system induced error that can cause geo—
graphical disorientation. The design of the interface between the man and the navigation equipment is a
crucial factor. CFIT accidents have occurred in military aircraft because pilots have had to spend too
much time head—d own in the cockpit inputt ing new co—ordinates and updating system accuracies. Ergonomic
solutions have been proposed such as “chin—up” digital keyboards and associated alphanumeric displays .

Achieving an integrated and meaningful display of navigational information is vitally important . A
pictorial display of the aircraft ’s position in relation to a moving map seems to be the mos t preferred form
of conceptual reference system. Advanced forms of map displays now show the map image costhined with a
cathode ray tube image in which a variety of navigational information can be integrated with the map including
radar , route plan and tactical information. Improvements in the display of cartographic information can also
be made such as in the greater use of colour coding, in the representation of relief and obstructions , and in
the selection of features for portrayal on the basis of their appearance from the aircraft.
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DISCUSSION

HARTMAN: A very interesting paper. I found it to be extremely relevant to some of the
(United States) questions we have had in the United States Air Force. Perhaps you would discuss

the following question. Brief periods of disorientation have occurred to pilots
engaged in aerial combat leading to misjudgments of ground clearances. What
factors could have caused these brief periods of disorientation?

TAYLOR: Aerial combat is a high workload environment and periodically places major
(United Kingdom) demands on the pilot’ s l imited information processing capacity. Maintaining an

awareness of geographical orientation relit.. on continuous, though not necessari-
ly conscious, monitoring of positional and directional Information. This task,
whether consciously attended to or not, must occupy some information processing
capacity. In order to prevent information overload during periods of particu-
la rly high demand , the aerial combatant will tend to focus his attention on the
performance of tasks most relevant to his frmiediate needs, namely a ircra ft con-
trol and maintaining visual contact with his adversary. Information not of
ininedlate relevance such as the aircraft’s position In relation to geographical
features, will tend to be ignored. Inattention to positions and directions I
during turning maneuvers is a cossnon cause of geographical disorientation. At
the end of a difficult maneuver an Incorrectly oriented or confused pilot may
misperceive features on the ground even when operating In highly familiar terrain.
A familiar airfield, for instance , may suddenly appear unfamiliar if seen unex-
pectedly or if approached from an unusual direct ion . Reorientation will occur
when the disoriented pilot h*s the opportunity to test his false hypothesis I _ I

against good positional and directional information , such as approaching high
ground or compass Indications.

I
I I

_____ 
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HUMAN FACTORS IN PRO~~JC~~ON AND PREVENTION OF AIRCRAFT ACCI DENTS ThJE
TO DI SORIENTATION IN FLIGHT.

by

Brig.Gen.Prof.Gaetano ROTOND~, lAP (M. C.)
Italian Air Force Medj.cal Service H.Q.

Via P,Gobet-tj 2 — 00185 ROME — ITALY

SUMMARY.

A certain number of aircraft accidents occurring especially in phases of flight
with no visibility or in flight bl night can be caused by or associated wi th “disorient- 

- -

ati on in flight” . This is oft en due to illusory phenomena , vertiginous states , etc.
induced by abnormal stimuli of the sense organs concerned wi th equilibrium and spatial
orientation and by defects of agreement among the diverse perceptions whi ch contribute - 

-to spatial orientation.
To prevent and reduce those flight accidents occasionally due to spatial disori ent-

ation , which are tied to the human factor and whose causes can , therefore, be influenced
and corrected, it is very important that the pilot has exact knowledge of the possible ii
lusory phenomena which can occur in flight, the awareness that they can be anticipated,
and finally that timely actuation of adequate preventive measures allows one to avoid loss
of orientation during the various conditions of flight.

For that reason the most frequent circumstances and conditions should be examined
which can facilitate spatial disorientation in the pilot favoring the mental conflict
which originates when there is aensorial incongruity between erroneous sensations coming - -

from the vestibular apparatus and/or the p:opriooeptore and inadequate visual information. - - - -

This applies to fixed—wing as well as rotating—wings aircraft,
The possible measures necessary to prevent those various conditions contributing to

or facilitating disorientation in flight , or neutralizing them whenever they are already
in effect , are then discussed.

It is very important that these conditions be brought to the attention of flight 
I 

—

personnel and, especially, to student pilots so that they — along wi th adequate and accu
rate -training in instrumental flight under expert instructors and simulator training —

can give the pilot a well—grounded fai th in his own flying capabilities under all flight
conditions.

Carrying out the above—mentioned measures and diffusion of this knowledge in the
aeronautical fi eld are to be considered useful and indispensable means of preventing air—
craft accidents due to the human factor and for the realization of increasingly greater
and more efficient safety in flight.

INTROIXJCTION.

In the aeronautical field a certain number of aircraft accidents occur during night
flying or flying in zero visibility . In the cases in whioh no specific technical causes
have been foun d, it can be inferred that “disorientation in flight” caused the accident
or was a contributing factor, especially since its effects are so grave as to induce in
the pilot instinctive reactions not adequately dominated consciously or by a quick check
of the instruments on board.

Since that state of disorientation is often caused by illusory phenomena, ver 4l ginous
states , etc. induced by abnormal stimulations of the sense organs controlling equilibrium
and spatial orientation, and by defects in the agreement among the diverse perceptions
that contribute to orientation in space , it is very importan t to know and quickly actuate
adequate preventive measures whi ch avoid the loss of spatial orientation during the various
condi tions of flight.

— 
ORI~~ TATI0N AND DIS0RI~~ TATION IN FLIGHT.

The problem of ori entation is muoh more complex in flight than on the groun d because
during flight one can be influenced by a variety of accelerations which act according to
non—habi tual combinations and patterns when compared with terrestrial experience. Of the 
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three common and most importan t sources of orientation (eye , mechanoreceptors , vestibular
apparatus), only the eye can be trusted, especially in flight , to provide a true pi cture
of body orientation in space on the condition that the eyes receive adequate information
from the outside worl d or from the instruments on board.

The organs of static balance (utricle , saccule), those of d~jnamic balance (semicir
cular canals) and the other proprioceptors ( skin , joint , muscular , tendinous receptors),
on the other hand, not only are not trustworthy , but it is possible for them to relay in
formation to the brain which is misleading.

For that reason, when one of the three above—mentioned sensorial paths is excluded
as, for example, in the case of the most important pathway — sight — during a flight with
zero visibility, an exact evaluation of orientation is not possible. In fact, in some
cases perceptions may be considered exact when, in reality, they are inexact, in which
case one encounters true illusions.

There are two types of such misleading sensation which arise in the organ s of ba—
lance : misleading gravity sensation associated with the otolith organs, and misleading
sensations of rotation originating in the semicircular canals.

The first one , i.e. the misleading gravity sensation or “oculogravic illusion” (or
“somato—grav-ity illusion”) may be defined as a false perception of tilt induced by stimu].
ation of the otolith organs by linear accelerations. For example, during a forward linear
acceleratLon , there exists the force of gravity acting downwards (body weight) and also
an inertial force associated with the forward acceleration, which can be considered as
pushing the pilot’s body back in his seat (+G~). These two separate forces are inter—
preted as a single resultant force tilted backwards from the vertical. At the conscious
level this resultant force is considered as being vertical , fro m which derives a false
impression of the aircraft pitching up.

Airing a sudden deceleration the opposite illusion occurs , i.e. a false sensation
of the plane varying its tri m into a dive.

If the pilot acts basing himself on these sensations an accident can occur , for ~ . -

example , by pushing sti ck forward during overshoot. Thus it  is necessary to refer to the
instruments on board to determine the correct att i tude and to act accordi ngly.

An analogous misleading sensation can occur when flying blind since , during a turn-
ing maneuver , the pilot has the feeling of climbing instead of turning. In fact , his body
is pushed strongly against the seat by the inertial force associated with the head—feet
centrifugal acceleration (+G~ ) generated when turning. Thi s force , combining with the
force of gravity acting downwards , gives a resultant which , at the conscious level , is
interpreted falsely as a climbing maneuver. The natural reaction could be to push the
stick forward in order to put the aircraft back in horizontal flight.

The opposite sensation of descending can occur when flying blind and coming out of
a turning maneuver. The tendency is to pull back on the stick. In addition, when flying
blind the inclination of the aircraft during a horizontal turn generally is not correctly
perceived by the pilot. In fact , a force is exerted on the otoliths (and on the airplane)
which is the resultant of the vertical component (force of gravity) and the horizontal
component (centrifugal force) ; that is , a sti mulus is exerted on these organ s of static - 

-

balance which has the same direction (apart from the greater value ) of that caused by the
force of gravity when the subject is on the groun d in a vertical position. The otolithic
apparatus sends information to the brain that the body is subject , as normally occurs , to
the force of gravity.

Thi s, however , is the genesis of the erroneous illusion that one has when, having
Initiated a turn with the eyes closed , and -then opening them, one is induced to judge the
panorama below as non—vertical rather than to judge as non—vertical the position of one ’s
body.

Another erroneous nensation which is a possible cause of disorientation in flight
is that which can occur whenever -the upper sui’faca of a cloud bank is inclined rather
than horizontal (the usual case) with respect to the horizontal and is used as a false
reference for the attitude of the aircraft. The pilot can become disoriented if he ali~~ s
the plane with this false horizon.

In addition to the misleading gravity sensatiom~ associated with the o tol ith  organs ,
misleading sensations of ro tation originating in -the semicircular cana1~ can occur. For cx
ample , during a prolonged rota t ion , however , when a constant angular veloci ty Ls reached
and maintained , no sensation of rotation can be detected. 1X~rin~ such mo t i o n  the relati ve
movement of the endolymphatic flui d in the semicircular canal ceaaej  and the natural ela
sticity of the cupula causes it to return to i ts resting position . Thus , although the
body may be turning at a high rate there is no longer any information aboat rotation
coming from the semicircular canal iL~elf.
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In addi tion , a fallacious sensation of rotation can occur imm ediately after the
rotation has ceased. Thi s false sensation is caused by the successive flexion of the
cupula in the opposite direction by the inertial movement of the endolymphatic fluid in
a direction contrary to the initial mo vement whenever the rotational motion is quickly
slowed down or interrupted. In the last case , one has the sensation of rotating to the
right when the plane is rotat ing to the Left  arid vice—versa. The pilot, in-luced by the
false sensation of rotating to the right (when , in reali ty,  the a ircraf t  is in rotation
to the l e f t ) ,  is brought to tighten the turn even more to -the left , and vice—versa when
the rotation occurs to the right. Tightening the turn in this case forces the aircraft
into an even t ighter spiral .

These vestibular inaccuracies and errors can occur in varying degrees and in all
three planes , and wi th  various combinations. For example, the misleading sensation of
falling forward , with the consequent tendency to pull back the stL ck ( th is  worsens the
situation in a spin),  occurs when an aviator carries Out angular movements of the head
during the execution of a tight turn. In that case the vestibular apparatus is subjected
to two diverse angular forces in two planes perp~adi cular to each other ( -that of the pas
sive rotation caused by the turn, and that of the active rotation caused by the voluntary
movement of the head). The resultant of these two acceler -tions , called “Coriolis acce—
leratLon ”, is capable of producing a vertiginous state which can be the cause of flying
accidents.

In practice, the dizziness from the Coriolis effect occurs during and at the end of
a rotation around a determined axis when the subject ’a head is passively or actively flexed
forward rapi dly or extended backward or inclined to one ai de in a manner to bring into the
plane of ro tation ano ther pair of semicircular canals. I t  follows that to preven t the Co
riolis effect  and other analogous dizzy sensations, i t  is opportun e to mak e the maximum
use of ocular mobility for the scope of reducing head movements to a minimum.

An analcgous state of dizziness and malaise can be generated in the pilot when he is I

subject with his aircraft to repeated subliminal angular stimulations during navigation in
turbulen t air. The subliminal stresses, being of l imited entity and taking place very
slowly, do not reach an excitable threshold in the labyrinth and , therefore, are not per

- 
ceived by the pilot. The pilot soon loses completely his evaluation of the true vertical 

Ibecause of the loss of “zeroing” of his balance apparatus. This can be regained only when
visual contact with fixed reference poin ts  situated outside of the aircraft wi]. have eli
minated the conflict between the instrument indicators on board and the subjec-ive evalu-
ation of the pilot’s own vertical position.

The logical consequence of that which has been discussed up to this point is that
the pilot , when flying in zero visibil i ty,  will always have recourse exclusively to his
instrument presentation , which will provide a reliable visual information again. Thi s
will avoid generation of false sensations of orientation due to the exclusion of one of
the most important pathways which allows us to determine our posi tion in space , i.e.sight .
The pilot must consciously and selectively exclude for the evaluation of his spatial
orientation those indications that come to him from the labyrinth and the muscular , skin
and jo int  receptors .

Not doing so creates sensorial incongruities between erroneous information coming
from the vestibular apparatus and the inadequate visual information. There are many si
tuations capable of or iginat ing a state of mental conflict so strong as to render the
subject incapable of continuing to believe in the instrumentation on board.

Such situations, which during flight can cause disorientation and thus contribute
to the genesis of aircraft accidents, are foun d above all during instrumen flyin~ ; espe
cially in haze the pilot passes continuously fro m his instrument presentation to infor
mation he receives directly fro m the outside world and which often are inadequate and er
roneous because of the limitations and inaccuracies of the vestibular apparatus and of
the other receptors. The inexperienced pilot who doesn ’t know or ~inderstand the problem
could, at this point , lose fai th  in the instruments on board , be subject to the conflict
generated between observation of the instrumental data and the picture which he has fo rmed
subjectively in his mind , and become disoriented.

NIGH T A HM ION FLYING.

Other situations which facilitate flight disorientation can occur during ~4ght fiy—
~~~ 

in which there are frequent illusions caused by the false interpretation of vi sual in
formation.

Confusion of ground lights with stars can occur ; that is, lights on the ground or
on ships are taken for stars (this happens when one leaves a cloud bank and finds himself
“on to p” on a dark night with no moon ) and the pilot has the erroneous sensation of comple
te inversion , i .e .  to be flying upside—down. This causes the tendency to put the a i rcraf t

_ _ _ _ _ _ _ _ _ _ _ _  
- -  
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into v r y  unusual ~1~~ ’ t atti tudes so that the ground lights are kept above the airplane
this oan oauae a flight accident.

Another phenomenon which can occur especially during night  flying at high a l t i tude
ii that in whi ch the moon and the stars appear below the true horizon. If the pilot, sud
den].y looking outeide during straigh t and level flight, sees the moon below his plane, he
has the immediate sensation of inverted f l ight.  Pro m this ar iosu a conflict so typi cal
in dieorientation accidents whioh he can easily solve by looking at the instruments. Yet
so often the pilot fo rgets to make this obligatory check and performs an immedia te  change
of at ti tu de of the aircraft.

Thus even in night flying at high a l t i tudes , false visual sensations which are p0-
tential. factors of disorientation can occur due to the altitude . Therefo re , avia tors
should remember -that owing to the curvature of the earth , the actual ho rizon as at’olI from

~tn airoraft becomes progressively depressed below tho horizontal  as a l t i t u d e  increases.
At very high alti tudes , a considerable pare of the sky becomes visible below the hor izon
line. This can lead to contusion if the pilot forgets tha t some stars and the moon can be
seen below the a i rc raf t,  I t  also means that at these alti tudes , it’ the tip of one wing is
aligned wi th the hori:-~on , the other will be considerably above it.

Airing night flying a false perception of alti tude can also occur as a consequenoc
of the pi lot  not  n o t i c i n g  an e rror  in the a i r c ra f t ’ s tr im. The angular doproa iion of sin
gb isolated ligh t observed on the ground f rom the cockpi t changes wi th the height and
with the distance during straight and level f l igh t .  ‘ 

-

-

In addi tion , during fligh t on a very dark nigh t wi th no visible stars or hor izon ,
the problem is similar to that  which has been described when flying in haze and indeed
may even be worse if the cookpi t i l lumination is very low. The visual cues f rom any soul’
ce are minimal and the info rmation from the veat ibu la r  organs and fro m o ther  me chaii oro—
coptoru impinge on the nervous cen t er s  qui te s trongly.  Th i a  condi t ior  cati he overcome by
Increasing the in tens i ty of the cock pi t 1 tgh t . t t i ~ thereby i’o—oriontat!ng with a t’n nli l t a r
envi ronment.

Other frequen t visual 11 lust  otis d u r i n g  n I ~~t i t flyl ug are the so—call el o eul 0—ro t ary
and nu tokino t i c  I l l u s i  otis . The fi rst , also cal. L ed the “octd ogyral ill usion ”, plays a non—
indifferen t part in thc ease t of  the so—call ed “ flyer ’s ver t igo ” , sad is ca used by i~~rtI c-
ular involun tary movements o t’ the eyeballs ~1s a conue U’ (‘0 of Lii tgh t angiii ~~ t~~•ol eril t-i~ iis
01’ the at rc r a t ’ t whi cli , it’ the p1 ‘tot is In the dark , onu s’ u t  pp:tr en t eac 111 a ti one o 1’ the iutr

rounding objects.

The “ k in e t i c  Ui usion ” , also cul.1 ed ‘ 1~tfl’,pOn t i or ’ a I 11us~on 
‘ 
, I a due to air : t l l

spontaneous sail un --noticed o so Li -
~ ti ens of th e cyoba] 1 a wlii oh begin when ui i ndl vi dual in

the da rk observes a small s t a t i c  11gb t • I t cosisi s ta of  t’~ L a o  Impr ess  b u s  of niovome n
that i ~~, in apparen t no vernon to of an obj ect in the visual ft ci d of the pilet when ti ll
visual re ferenco points of t he percept i y e  C ramowo ~k ar e  I a as C l’ I ci ott t - ~ ~

. :‘ot:upl e l - e ly  tb ii ott t •
Phi s i 1 lust on is particularly dango rous dar t  t i~~ ~~~~~~ h t i  fl~vtnjj _tj~, fo rmation when t h e  o tho r
ii rcrnf  to are following the forma t- ton leader observing I i i  ii wings or I- ut 11 because I t 0:111

cause corrective at tempts by the pil e I whit ch are use! 0:15, i t ’ tie I dangerous . in liii a i’:t:;e
the phonomonon is mo re compl ox hi ’ caut ae the  I unItnous p o in t  oh so ry e  ~l I a tin ,le rgo I t i~-~ i-o il me
yemen tu wlit cli can be reduced or iceeti tuti I od by t h e  ill use r,y mov ement ;.

o thor conflictIng a tim t to u t s  whi t  cli fact l i t - i  to di :;e - I out tat I ion 0:111 occur  dii p 1 utg
fo : m i t i - n  ljIi~~. In fact , each ph lot flying in i’o r n i a t i o : u  m a i n  t-:i t iis - t do t - ’ r r n i u t e d  peat i - tot :

i i  :1;) t’Ofl~ t tutu ot’ I OI I ta ted in :‘e Itt ti (‘Ti i-i  the 0011:1 tut u ii y ch anging 11001 11011 0 1’ iii ,’ ii I
t i - s u er .  The p i l o t  1:, t h o r , -  fore  unt tbl  e t i  ma in t a l  n s t’el 1 i l i l  0 and up da t e d  moti t u i l  P I c t - i i’e

o ~ I t :  9 t Ips t 1 1 1  ~‘ rt CII t,a l i e u  I i i  ro I tt tioti 10 110 o t t ’  111 1 :1 :itti’face :tn-l I 1- is  normal  t o : ’  lii
- - ‘ - i i- ’’rt . ‘t t c t ’ - ,  :It I~)l1g I ltt~’ r0:;: 1 out w h i c h  L:i III ceti  t’’:i at WI thi tile trite alt - I ta-ho 01’ the i t  i’-

- r-t rt in ;i’ — i~
..’ .

~ tI .‘t -  - - lii r~, ‘ ill r-~ - - i i  i i  ii ’ dl uto t .; out 1-i 1 out iii f l i ght S sticl 1 1:1 -he u* d t O l l  t u t u  l i  ~ e
- i - - - - h i - i~~e In thu ’ m l I I I . ’ ‘ ir , Its’ :so—c:*1 11 1 :1 ‘‘tiltOI’flOtiSt’ii ’ \ertt ~~ ’’ 0~ ‘j~t’ea0ttro vu ’t’*
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- a t  - &ai si u-  th.’ r.’u’i’pto :.a ‘f  lIt.’ s’mI ,.~~ rc:il ia atuttil - cati  t a t : ; , ’ duul uig : t z ;c o u l  1 or
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~~SORI~~~TATION IN FLIGHT ON H~~IOOPTERS.

Thus the problem of spatial disorientation is very impor tant .  Dsr iz:g fl ig h t on
fixed—wing aircraft the pilot is subject to the conflict between his own sen .orl: t l  eva 

I 
-

luattons and the information supplied by the Instruments. This conflict ‘u~ i n d u c e  h i m
— — if his critical faculty has not been sufficiently trained or If it has been comproml -~ed
— by fatigue — to commi t manoeuvering errors due to the failure to correct  th e uircruft’a

attitude in situations that call for completely an t i—in st inct :Lve maneuvers.
In the case of rotar~ —win,g aircraft the prob]em of disorientation in flight is , for

helicopter pilots, far more serious than in conventional fixed—wing aircraft , sluice iscale
rations may occur simultaneously among all three of the aero dynami c axes of the vehi cle.
In these condi tions it Is possible for the pilot to expr~-’lence more frequet-itly environ-
mental and coenesthetic si tuations which are ambiguous f ro m bo th the vi sual and the vesti
bular standpoint , so that the interaction of sensorlal information frequently leads to
conflicts which can only be solved by pilots well and continuously trained.

At times, however, the conflicts can contribute to the origin of accidents in flight.
In fact , the necessity of rapid passages from vi sual to instrumental fligh t , the existence
of Isolated light sources during the night and the continuous observation of the instru-
ment panel during certain vibra tion cycles can provide sensorial reference data incorrect
fro m the visual point of view. This permits the onset of o ther erroneous sensorlal st i—
mull further favoring the above—mentioned conflicting situations. 

- 
-

I . - -

~~N1JLUSION5.
‘a

After having discussed the possible causes of illusory phenomena , of vertiginous
states , etc. whi ch can favo r loss of ori entation in fl ight , the prevention of f l ight dis-
orientation remains to be discussed.

Concerning this it must be remembered that many of the preventive measures have been
mentioned from time to time . In any event , the pilot’s exact kn owl e dge of all of the abo

- - - ye—mentioned possible illusory phenomena which can occur in flight and the awareness of
their predictability are prerequi sites useful to reduce their consequences .

It  has already been stated that disori entation only becomes dangerous when the sen
sory incongruity causes a mental conflict which is so strong that an individual  is unable
to continue to believe in the instruments on board. Awareness of this potential hazard
means that the airerew who experience these sensations during f l ight  both anderstan d their
importance and know how to overcome them.

From this point of view the following measures are very impor tant  for  the prevention
of aircraft accidents due to disorientation in flight
a. the achievement of a correct even though an t i—ins t inc t ive  domination of one ’s organs

of balance through accurate training for instrumental flight using the link—trainer
on the ground and training in flight under expert instructors ;

b. the consequent acqui sition of a well—founded confidence in one ’s own abi l i ty  to fly
using only the instruments on board under all conditions of flight.

Concerning helicopters in particular, the adoption of the above—mentioned counter- -

measures valid for preventing the various forms of disorientation in f l ight  (temporary
increase of luminance level of the cockpi t instruments during some critical f l ight  ma
neuvers , adequate changes in cockpit instrumentation including reduction of the area of
instrument scan and incorpo ration of a f l ight  director system in helicopters , reduction
of extreme head movements , e t c . )  can be very useful and effective in counterbalancing and
reducing the occasions of f l ight disorientat ion and in preventing possible acci dents.
It is also necessary to recommend that all known disorientation countermeasures be empha
sized in basic and advanced helicopter training, wi th  special reference to those si tuat iox~which are peculiar and particularly troublesome and fatigueing during helicopter f l ight.

In that manner and wi th  these means a si~~i i f icant  contribution can be given to the
prevention of aircraft acci dents caused by the human factor and to the achievement of in
creasingl y greater and efficient fligh t safety,

_ _ _ _  -- - - - j
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SUMMARY

In the evolution of an aircraft occurrence , combined stress often plays a
significan t role. This paper presents conceptual model s of how a combination of stress—
inducing factors can lead to the “no man ’s land” between normal operation and incident;
be tween incident and accident. The models are primarily f or p r e s e n ta t i on t o a i r c r e w
when discussing stress.

I N T R O D U C T I O N

A c a r e f u l  h u m a n  f a c tors  r e v i e w  of r e c e n t C a n a di a n  F o r c es a i r c r a f t oc cu r r e n ces
confirms that a combination of stresses have played a significant role in the causation
of these accidents. Even though the verdict may be “pilot error ” , i t  i s  im p l i c i t t ha t
there are background reasons why a pilot displayed degraded ludgement , ca r e less ness ,
ina ttention or poor technique. It is reasonable to investigate and enumerate the ~. -

combina tion of Stresses after an aircraft occurrence with the view of recommend ing
me thods of identifying the stressors and then reducing them in the hope of reducing the
occurrence rate. ~‘ 

-

The stresses to which the pilot is suhiected while flying are threefold . First
is physical stress , which are the classical aeromedical nrohlems (e.g. hvooxia , gr av ito—
iner tial forces , vibration). The second is cognitive (intellectual) stress , usual ly
related to cockpit workload which , when i t  b e c o m e s  e x c e s si ve , a f f e c t s t h e p i l o t ’s
onerational efficiency. Lastl y is affective (emotional) stress , when the input to
consciousness is seen as threatening to the individual’ s safety, se lf esteem , or
satisfaction of desires. Affective stress is not always harmful as seen in the anxiet y—
provoked “gearing up ” of the nilot to deal with an emergency. intense or chronic
emo tional stress can seriously interfere with performance capability as seen in the
ohrase “the troubled pilot seldom returns ” ( 4 ) .

This paner presen ts conceptual models of combined Stress and its effect on fl y ing.
The models have been used to oresent the tonic of stress to aircrew (especially fl i g h t
safety officers). The feedback af ter presenta tion has been quite p ositive. Aircr ew seem -

to be able to graso easily the concepts especially if concrete example s are given. Often
w o r t h w h i l e  q u e s t i o n s  on the topic are forthcoming after the presentation.

S T R E S S  — D I S E A S E  MODEL

“Stress is the nonspecific response of the bod y to a n y  demand made upon it ”
according to Selye (6). Stress is a normal p h e n o m e n o n , is needed in life and is always -

present. “Comnlete freedom from stress is death” (6). Selye points out that the
m e c h a n i sm  of adaptt ng to stress is the same for a cell , an organ , an organ system , an
individual , or a society. This  adap tat ion m e c h a n i s m  h a s  b e c o m e k n o w n  a s t he Ge ne r a l
Adaptation Syndrome (GAS) and occurs in three stages — (1) the alarm reaction; (2) the
stage of resistance; and (3) the stage of exhaustion (Figure 1).

Figure 1

The three phases of the
general adaptation syndrome

Norma I I:v•i

and , if the stressor is
suf f i c i e n t ly strong (severe
burns, extremes of t: :‘r atu r~A B c death may result.

B. Stage of resistance. Resistance ensues if continued exposure to the stressor is compatible with
adaptation . The bodily signs characteristic of the alarm reaction have v i r tua l ly  disappeared , and resistanc e
rises above normal.

~~~~~~~~~ C. Stage of exhaustion. Following long—continued exposure to the same stressor , to which the body had
become adjusted , eventually adaptation energy is exhausted . The signs of the alarm reaction reappear, but
now they are irreversible, and the individua l dies. 
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The Selye model can be modified to produce a disease model , ap plied at the level of
the individual. In this model , stress is a force or pressure acting on a person to compel
him to act. If the action to remove the stress is ineffective the model moves on to a
s t a ge of  d i s t r e s s, which is defined as a stage when the stress is so severe or so orolonged
that the person has difficulty acting approp riatel y. In the states of either stress or
dis tress the individual is seeking relief from that state, that is , he is s e e k i n g  a s ta te
of ease (Figure 2). If the action to achieve that state of ease is ineffective the result
is a breakdown in function and a state of disease. Disease is defined ss a breakdown in
function resulting from failure to counteract the stress (Figure 3).

STRESS A FORCE OR PRESSURE
ACTING ON A PERSON TO
COMPEl. HIM TO ACT.

I N E F F E C T I V E  ACTION

DISTRESS W H E N  THE STRESS IS SO
SEVERE OR SO LONG THAT - 

-
THE PERSON HAS D I F F I C U L T Y
ACTING APPROPRIATELY.

EASE

Fi gu r e  2

STRESS A FORCE OR PRESSURE ACTING ON A
PE RSON TO COMPE L HIM TO ACT.

INEFF ECTIVE ACTION -‘

WHEN TH E STRESS I~~ SO SEVERE
DISTRESS OR SO LONG THAT THE PERSON

HAS DIFFICULTY ACTING
— APPROPRIATELY.

INEFFECTIVE ACTION

BREAKDOWN IN FUNCTION
DISEASE RE SULTI NG FROM FAIL UR E TO

COUNTE RACT THE STRESS.

F i g u r e  3

The relation between stress (or d i stre ss ) and disea se h a s  been w e ll  d o c u m e n t e d  ( 6 ) .
Less scientifically proven but still a reasonable concept is that stress produ ces
‘~accident behaviour ”. In t h e  above s t ress  model , we could substitute accident proneness
for disease.

E XPLOSIVE MODEL

Basic flying stre sse s exist in any air operation to a g r e a t e r  or l e sse r  d e g r e e .  A
few of the more obvious  ones are in Table I. All these stresses contribute to fatigue as
veil as remind the aviator that he is not on the ground and that he h*s a job to do.
These ordinary flying stresses are more than compensated fot by effective training and
exs er i en c e  (F igu re  4 ) .

I
_ _ _ _ _ _ _  — —
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Table I

FLYING STRESS FACTORS Str ssu
F.mdiwity

{conf ~sncsHeight
Pressure changes
Acce le ra t ion  — “ G ”
Motion

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IN ING~~

Turbulence
Lo w H u m i d i t y
Gla re
V i b r a t i o n
Noise
Cold
Heat
Inactivity 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Uncomfortable personal equipment
Red lighting Figure 4

II
In flying, various influences are exerted by the aircraft , the flight conditions

and the level of training and experience. Some of these “anxiety factors ” are listed in
Table II. Still an explosive situation should not exist (Figure 5), although some
disorganization of mental activity to a greater or lesser degree probably will occur.
This m a y  include channelling of attention , over—concentration on a single instrument and
a c c e p t a n c e  of a reduced standard of performance.

T a b l e  I I

A N X I E T Y  STRESS FACT ORS Anx,.ty
Level  of t r a i n i n g
Level  of co n f i d e n c e
Unfamiliar aircraft
U n f a m i l i a r  r o u t e
Unfamiliar airport
Poor runway conditions
Poo r w e a t h e r
Low f u e l
Malfunctioning navigation
equipment

Lo w a l t i t u de
IFR and night flying Figure ~
Fear of losing face
Lack of confidence in aircraft
design

If in addition to one or more of these “anxie ty factors ” , an emergency occurs
(Table III), the level of anxiety is bound to rise still further. Training and experience
should still be adequa te to permit effective dealing with such situations sing ly  or even
wi th more than one at a time (Figure 6).

Table I I I
Ems,gsncy

__________________________________________________EMERGENCY STRESS FACTORS

t 
Control/trim malfunction
Engine failure _______
In— flight f i r e  or exp los ion
Mid—air collision
Bi r d s t rik e
Ditching
Loss of formation leader
D i s o r ien t a t i on
In—flight i ncapac i t a t ion

_______________________________________________________

F i g u r e  6

Under these circumstances , the aviator must rapidly process incoming information ,
weigh the alternatives , and initiate the necessary and , one hopes , appropriate action to
save himm eif and if ooseible , the aircraft. It is at this point that “personal factors ” ,
as listed in Table IV can tip the scale into an accident situation. If the flyer has
already burdened himself wi th one or more personal factors before even getting in the
aircraft , h i s  abilit y to e v a l u a t e  and act  a p p r o p r i a t e l y ,  e s p e c i a l l y  hu t  not solely under
em ergenc y c on d i t i o n .  I. s i g n i f i c a n t l y  d e g r a d e d .  P u t t i n g  all these f a c t o r s  t o g e t h e r  we

_ _ _ _ _  _ _  _  --- ~~~- - ~~~~~~~
-

~~~
- -
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have an explosive s i tuat ion — an accident potential (Figure 7).

Table IV

PERSONAL STRESS FACTORS

Hunger
Fatigue
Loss of aleep
Hangover
Minor illness
Self—medication
Lack of family support
Unusual  pe rsona l i ty  e lements
Anger

FactorF r u s t r a t i o n
Worry
Over— sena jtjvity
Guilt
Memories of horrifying sights Figure 7 —

It is important to notice that the stress factors listed in Tables I, II and III
have been decreased to a minimal point through aircraft and equipment design , procedural
development , training and experience. Thus, it seems that the one group in w h i c h  we
have the  g r ea t e s t  p o t e n t i a l  f o r  improvement  is t h a t  of the personal stress factors
(Table IV), which are of ten self—imposed and therefore amenable to individual control.

ACCIDENT — ZONE MODEL

Lastly, to illustrate graphicall y the concePt of combined stresses in relation to
accidents , it is convenient to use the following model .

~1~
Let us assume that each individual has a hypothetical performance ability, which

begins at 100% and decreases gradually over time - w h e t h e r  t h a t  t ime  be h o u r s  of a day
or the years of life (Figure 8). Next , let us assume that every flying opera tion requires
a performance specific to that operation and varying with the different stages of flight. F.-
For the  sake of i l l u s t r a t i o n  let  us a s s u m e  a s imple  t a k e — o f f  and la n d i n g  o p e r a t i o n
wherein the performance demand is somewhat greater during landing than during takeoff
and greater in both cases than the intervening flight time , (Figure 8). The difference
between performance ability and performance demand at any particular time is the margin
of safety for that flight operation.

100%
~~~~~~~~~ PERFORM4,~~ 

~~~~~~~~~

i-I
$ 1
II

~~~~~~~~~~~~~~~~~~ ORMANCE~~~~~~~~
DEMAND

TAKE-OFF LAND

TIME

Figure 8

Both  p e r f o r m a n c e  demand and p e r f o r m a n c e  a b i l i t y  a r e  v a r i a b l e  ( F i g u r e s  9 & 10) .
For example , experience and training would elevate performance ability while hypoxia and
alcohol would decrease it. Likewise performance demand can be i n c r e a s e d  by m a n y  f a ct ors
(eg. IYR , low fuel , malfunction). The exact quantitative effect of these stressors
canno t he measured . But whatever the quantity of each individual stressor , the o v e r a l l
e f f e c t  of the combined s t r e s ses  i s  at  l eas t  a d d i t i v e  and p e r h a p s  s y n e r g i s t i c .

L A  _ _ _ _ _ _ _ _ _ _ _  _ _ _
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100 % ~~~~~ RW(IOH, 
~IOk( M4NCE~~~,~~

TIME

F igu re .

I.
100%

DEMAND
TAKE OFF LAND

TIME

Figure 10 - -

I f  t he  p e r f o r m a n c e  d e m a n d  exceeds  the  a v a i l a b l e  p e r f o r m a n c e  a b i l i t y  t h e n  we are  in
the “accident zone” — the area of operation where we find the incident and accident
o c c u r r i n g  ( F i g u r e  11). The difference between incident and accident is often a fine line.
It may be a f r a c t i o n  of an inch , or of a second ; a b r u i s e d  f a c e  t h a t  was  n e a r l y  a l o s t  e y e ;
or the  mis read  a l t i m e t e r  that was taunting de ath, Whether an incident could have been an
acc iden t  is r e l a t e d  to training, experience and most often good (or blind) luck. Thus it
is noas ib le  to exp l a in  why on one p a r t i c u l a r  occasion an accident occurs when on many
previous occasiona an operation had been undertaken without accident or incident , when ,
seeming ly , circumstances were identical.

PE RFO RMANCE
DEMAND EXCEEDS

_____________ 
PERFORMANCE

100 % 

•

~~~~~~ ERw~~~~~~~~~~~~~~~
t

~~~~~~~~ FoRM4NcE
AsI L IrY

DEMAND
TAKE.OFF LAND

TIME
Fi gure 11
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Bear ing  in mind the acc iden t  zone model , and accep t ing  t ha t  most  of t he  increases
in pe r fo rmance  demand have been m i n i m i z e d  to a la rge  ex t en t  t h r o u g h  modern t e c h n o l o g y
and good t r a i n i n g , we are l e f t  wi th  those stressors which decrease performance ability.
Therein  l ies the po t en t i a l  fo r  improving acc ident  s t a t i s t i c s .

CONCLUSION

The models  p resen ted  in t h i s  p ap er  have  p r o v e n  to be s i mp l e , w e l l — r e c e i v e d
presen tations of combined stress. By using all three models during one discussion , the
chance of comprehens ion  by all aircrew present would seem to be increased. The accident
zone model  has e s p e c i a l l y  seemed e f f e c t i v e  in increasing aircrew understanding of the
concept of combined stress. All or part (in particular the accident zone model) of this
presentation has been used as a lead—in to discussion of specific stresses , eg. fatigue ,
a l coho l , smoking.  Conc re t e  examples of the use of the accident zone mode l  in r e c e n t
aircraft occurrences is always given to demonstrate the oractical app lication of the
model and emphasize the importance of preventive thinking in terms of personal lifesty le;
preflight preparedness , in—flight alertness and anticipation of “ s a f e ” dec ision—making.

Several recent Canadian Forces accidents will he p r e s e n t e d  as illustrating the
acc ide nt  zone mode l .
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ROUND TABLE DI SCUSS ION

As Is our custom, we will have a round table discussion. I have prepared three questions and have
asked tnree of our speakers take one eacn and discuss it briefly, after which perhaps the audience will
have an opportun ity to chaflen ge, contribute, or wha tever.

Question #1. Do we have an appropriate definition of ‘huma n factors” In re~at1on to accident investigation?

Question #2. It does not appear, at least In the Un1t~’d States Air Force, that the research colimiunity issufficlenUy lnvo~ved in human factors aspects of aircraft accidents. Are there fruitful areas for re-
search? is there a reasonable chance for a payoff ?

Question #3. Is it likely that we can reduce the number of accidents where human factors aspects are an
important element? Is that possible, and if so, where should we concentrate our efforts?

As you wi ll recognize, these questions deserve either very short answers or very long answers. The three
discussants are Dr. Zeller , Dr. Johnson, and Dr. Reader.

ZELLER (U.S.): The first of those questions dealt wi th the definition of the term “human factors.” I
have the impression that we are either making progress or about to be abolished , because this Is the third
time within the past three weeks that I have been asked to address this question. Once to a university ~ -
group, once to a combined military group, and the third time, today. In looking at the term “human fac-

r tors,” i think that we should look at the context In which It grew up. Perhaps we could use an analogy ,[ for exampl e, the attempt to define some other term such as medicine. I didn ’t look it up, but if you wil l

~ 
look in a dictionary , I am sure that you are going to find a number of definitions . One of them Is going -

: to be a substance, one of them is going to be a discipline, and there will undoubtedly be some other
terms. I think that any of you would be hard-pressed to delimit the concept of medicine with a definition ‘.
that Included the specifics. To pursue a further definition of aerospace medicine , 1 thInk you would find
it difficult to delimit in terms of how it varies from pediatrics even now , certainly from clinical medi-
c ine , internal medicine, psychiatry . The term is one that is generally accepted because it represents the
application of a broad area of behavioral and particularly biological science toward a specific end which
is the treatment of people. Now, let’s get back to human factors. Human factors grew up in the era of
the systems concept. It is a fairly recent term and it was developed specifically within the man-machine
context. It was developed because there was no specific term or no specific science that covered all the
kinds of things that were important in this relatior~ hip--psychology , physiology, anthropology , and social
sciences. Yesterday, in that list of five “P’s” that I gave you, I suggested some of the elements . I do
not think that was complete. As a matter of fact, I can think of two more at the moment. Another P. is
political , which certainly changes perceptions . 4nd another , not a “P, is religion , or the spiritual
values, which also changes perceptions. So, as medicine deals with the application of a great variety of - 

-

sciences to the trea tment of the ill, and certainly tha t is very broad , because there Is preventive mcdl-
cine, so the term “human factors” is a term that deals with those characteristics of the human being that
are important in understanding behavior in a man-machine relationship. I would suggest that this defin-
Ition is not rigid , that it will change, that items will be dropped, that others will be added , that It is
a dynamic definition. We would do the field of human factors a great disservice by trying to force It into
rigid limits at the current state of our ignorance.

HARTMAN (U.S.): One of the thin4s that concerns me In my group at the School of Aerospace Medicine, one
F of my objectives in the program we are initiating, is to get the strongest possible interdisciplinary team

organized to attack the problem of human factors in aircraft accidents. I think the accident boards are
reasonably wel l staffed and have available to them--the boards who actually do the investigations--the
option of calling on many different kinds of consultants. They do this routinely, but I am not sure as I
look around the NATO comunity that all of the disciplines involved In and supporting aerospace medicine - -

are being employed to the maximum extent possible, in researc h and as consul tan ts, on the problems of
human factors accidents.

We wil l move on now to the second question.

JOHNSON (U.S.): The next question deals with research Involvement. It does not apoear , at least In the
United States Air Force , that the research comunity is sufficiently Involved . Are there fruitful areas
for research? And, is there a reasonable chance for a payoff? I’ll try to make my answer fairly short.
I th ink , as relates to the appearance of the involvement of the research con,nunlty, that we would have to - -
coninit an error which is often counciled against, and that is, to answer a question with a quest ion . I
might say, “By whom does it appear that the research comunity Is not sufficiently involved? And, where - 

-

is that involvement lacking?” On behalf of the researchers , I might say that it may be difficult to play
two roles at once. Number one, to be a researcher, and number two, to be a crusader at the same time. So
for those of us who are crusaders , it might be very easy to say that the researchers are not sufficiently

F involved. For the researcher , it might be difficult to do basic research , and yet stand on the corner or
on the soapbox and do the crusading. I would rather suggest that maybe there is not sufficient dialogue

— and exchange between the people who are doing the research and the people who are crying for more involve-
ment and more safety products from the research effort. Are there fruitful areas for research? I think
the obvious answer to that is “Yes. ” I think that the fruits of the research would depend upon whether we
rely upon retrospective studies or prospective studies when we design our research projects. As I sat
through the first two days of this meeting and looked at the models and analogues Lor evaluation of blo-
dynamic response, performance, and protection, it became very apparent that much of’ this is based on
retrospective studies. We have had accidents , we have had machines that fail, we have had failure of
equipment. Because of that and the catastrophic results of an accident to man , we must do more research .
I think , on the other hand, that there are areas In which we have not had a grea t number of fatalities
or unfortunate experiences which would well dictate areas of research. For example, as I mentioned In my
presentation, man now has a flying machine which can take him into areas which exceed his physiological
limits. Let me gi ve one example. The modern-day fighter can go above 50,000 feet , yet we have no pres-
sure jerkin or emergency pressure suit available to the fighter pilot. Now, shall we as a research corn-
munity, wait for ten canopies to blow off at 55,000 feet or for 1~ pressurization systems to fall and

_



r’~
-
~ 

~~~~~~~~~~~~~~~~~~ 
- ——v-.,--. 

~~ ~~~~~

R[D-2

three people die before they can descend to the appropriate altitude , before we develop an emergency pres-
sure suit? Or , could we, as a research comunity , instead foresee and acknow l edge that this problem is
present because men are now making excursions into these altitudes? I don ’t know how many people are aware
of the fact that every day somebody takes his airplane up to 50,000 or 60,000 feet. Momentarily, perhaps,
but It is happening. As I said , we do not have a long list of unfortunate occurrences, but I think it Is
this kind of excursion into these kinds of areas that are going to be happening more and more frequently.
eventually, we are going to have some fatalities. 1 would hope that the research comunity would become
involved now in this one area, for example. Another example, we need a lightweight helmet. In the advanced
fighter aircraft coninunlty , with the kind of G forces that man is able of exerting and subjecting himself to,
we have a crying need for a helmet that weighs on the order of 1 1/2 to 2 pounds . But, Ins tead , we see
helmets getting heavier, because we are adding flash-blindness protection, we are adding optical devices ,
and so forth. All of these are adding more weight to the helmet. But the fact is that the man who will be
doing aerial maneuvering in a combat situation with a high-performance fighter needs a piece of equipment
which will lessen the strain on his neck muscles . This will allow him to have more mobility of his head in
the combat environment. I am not aware that the research coninunity is focusing on this. It appears that -

oftentimes we must have a series of misfortunes before the research comunity focuses in on a problem area.
The last part of my question. Is there a reasonable chance for a payoff? I think that when we identify
the problem and put the appropriate effort into solving the problem before It becomes acute, yes, there is
a payoff. We save lives , we prevent Injuries, or we at least reduce the magnitude of the Injury that may
occur.

MOONEY (Canada): I’d like to conmient on the specific issue of a get-me-down-jerkin with counterpressure
breathing. This, in fact, has been developed at the Defense and Civil Institute of Environmental Medicine
(DCIEM) where I am working. We now have a system that can get us down from 80,000 feet. It is, In fact,
going out for industrial research contracting now and will be available commercially, we hope , within a
year or so. As to the more general question , I’d like to say that there should be perhaps more effort put
into increasing the competence of pilots rather than dealing with their failures . This is one area where ,,.
in fact there hasn ’t been much human factors input . We should put more effort into increasing pilot ~ -skills and seeing that the pilot really knows his 12 pages of emergency procedure by heart every time he
goes flying. That kind of effort is likely to have a high payoff.

JOHNSON (U.S.): How do you get the research coninunity involved in developing more emergency procedures
for the pilot to learn? Is that really a research coninunity problem?

MOONEY (Canada): Perhaps not, but it Is a job for an expert of some kind . I’m not sure that it is really
a research coemunity question , but it certainly requires someone with expert knowledge, and I should think
that someone with the psychologist’s training undertaking that task could do a good job of it.

HARTMAN (U.S.): I believe we are ready for question number three. The question will be discussed by
David Reader. - 

- 
-

READLR (U.K.): My question was, to remind you, “Is it likely that we can reduce the number of accidents
where huma n factors aspects are an importan t element, and if so, where should we concentrate our efforts.” I 

-
ihe answer to the first part is certainly “yes.” You ’ve heard this week (and more importantly, yesterday
afternoon and this morning) that human factors play a very important role in the majority of accidents .
We should concentrate our efforts, I believe, in five major areas: (1) Investigation. Bob Taylor gave
you a very good expose ’ of what you can learn from an investigation. I feel this Is an aspect of current
investi gations which Is not practiced widely in the NATO cormnunity . I be ’~--ave it should be. Accident
investigators are often too close to the problem to see the particularly ~~rtinent aspect which should befocused upon. Specialists should be used for this procedure. (2) Coninunication. Having found what the
problems are, everybody should be made aware of them. (3) Training . Once you know what the problems are, - 

-
it is not sufficient to tell aircrew about them. They must receive simulated and actual training of those -
particular aspects of human factors failures which could befall them. Bob Taylor ’s picture this morning -

of the “h idden ” cow is a very good example of perceptual problems. Once you see how you can be fooled by
a picture , you are not fooled the second time. However, it is a difficult thing to put across in a lec-
ture. Lectures, demonstrations, simulator practices should be used for training. (4) Specification.
Having decided what your problems are, you should then “specify” them out by changing the specifications
in designs of both aircraft cockpits and equipment. You should take out those particular aspects of
design which have led to failures in the past. Colonel Johnson ’s plea for a lightweight helmet can easily
be managed if you can define the advantages and risks of a heavy helmet and the advantages and risks of a
lightweight helmet. Having done that, new helmets can be developed because you , in the specifications , will
estab lish the compromise, the acceptable risk. You decide what you want. Having gone through investiga-
tion , couiinunication , training, and specifi cat ions , my last Item is (5) Construction. You decide what the
problems are, you tell people about them , you “speci fy” them out, and you make sure the manufacturer will
produce what you have asked for. This means you must write down clearly and exactly what you feel the
problems are. I’d like to conmiend to the NATO coninunity here a very useful document which has been
specified by the U.S. military authorities. I believe the number is Nil Spec 1472K, which concerns itself
with human factors designs principles. This is a compendium of information about those aspects of design
which manufacturers should take into consideration to exclude problems which have happened in the past.
This is a user document, I think, to broadcast to all. So, to suninarize, we should concentrate our efforts
in five major areas: investigation , coninunication, training, specification , and construction .

STANGROOM (U.K.): I was very interested that in your selection of items , you completely left out selection
procedures. Perhaps you were thinking of that as a part of training. To my mind , initial selection is one
of the most important factors and one in which , in NATO perhaps, we haven ’t given enough attention. We all
fly very similar looking airplanes wi th very similar performances. We all have very different ways, it
appears, of selecting pilots. In fact, some nations seem to have no particular method at all. Instead,
they rely on someone else to do it for them. So, I wonder if you have any coninent on how important initial
selection is, and in that selection process, how important psychological factors are.

READER (U.K.): I del iberately omitted selection because this is a most Impossible problem to grasp. How
are you going to select pilots at an early stage of their training, or even before they have started 
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training? How do you identify those pilots who will , in fact, become human factors liabilities later on?
The last speaker in this conference showed you that many human factors problems can be overlaid on the pilot
without his knowledge or without his own voluntary act, I’m not quite sure, in fact, how you can exclu de
those problems by selection. Certainly, a medical examination can exclude the medical possibilities of
human factors error. As we have heard today, the majority of the problems which have occurred in the human
factors area are not ones of selection , but ones of operation .

ZELLER (U.S.): Another facet of the answer to your question Is as follows : Psychologists in general cer—
tainly can “select” in people for almost any function. Within the USAF, we have a series of research
projects underway that have the code name “Hasty Glue ,’- which Is aimed at selecting people ahead of time
to perform as pilots. There are several limitations to this. An Important one is that we don ’t really
know what a pilot is. We haven ’t a clean, clear definition of the specifics of what makes a combat-ready
pilot in terms of psychological characteristics. In spite of these limitations , on a purely statistical
basis , we can and have fol lowed people, although we have not selected on this system. The attrition we

; have observed would suggest that, in fact, we can do this, but this Is an area going back to Colonel
Johnson ’s problems. It certainly offers great potential , but at the moment is in it’ s infancy . It would
seem that this is a good place for some research to be carried on.

JOHNSON (U.S.): In response to the selection question , I also have a coninent. I think that we are not
without a selection process that would work, at least in many phases. If we look historically at aviation 

—medicine or medical involvement in aviation , we find some procedures even in the initial examinations that
are rendered to the applicant who wishes to go into the occupation of flying. There is a considerable
amount of selection even at this early stage, using factors like experience, education , and to some degree
training. Further-more, I think the applicant’ s performance on the initial application for flying includes
some selecting in or selecting out. If we talk about aviation training as it relates to the military
setting , most training programs are about a year In length and a great deal of selecting in or selecting
out occurs during that year of training. Maybe what you are suggesting is that it should be more formal-
ized, and that perhaps specific time periods be identified at which you would say this person will or will
not make a safe as well as a good pilot. I think also maybe many of us sitting here are thinking of the
pilot in terms of the fighter pilot. As we know, there are many different aspects of piloting the aircraft
that are utilized in military aviation . You have the helicopter pilot , the transport pilot, the long- -

~ 
-

range bomber pilot , the fighter pilot , the pilot who is the teacher, the f’ight instructor pilot. So, I
think we have to be more specific in talking about selecting pilots. We need to specify what particular
kind of pilot when we talk about selecting in or selecting out.

I have one other coment for Dr. Reader . I would add a sixth factor and that would be the selling of
the sumary of these five Items that you listed. As we all know, there are fiscal restraints , there are
political restraints, and I think that after doing your five things, we must sel l the appropriate agencies
on the fact that what we have produced as the result of investIgations and research Is worthy of being
implemented .

HARIMAN (U.S.): As you can see, the question on selection provoked a considerable amount of comment. I :.
Perhaps the Aerospace Medical Panel might consider either a session in this general area or perhaps some
other mechanism for having the views from the aviation medicine community made available to the remainder
of AGARD and NATO.

CHEVALEKAUD (France): I would like to give some clarification of the word selection. I agree there is a
need to add a sixth point to the five which were already mentioned and which we all endorse. Let me say
that I am both a Doctor and a Psychologist. We generally speak, in medica l terms, of selection as “fit-
ness” or “unfitness.” In other words, this selection process appears to be based on physiological and
physical criteria. To be specific , we consider that applicants should be eliminated who do not have all
of their bodily functions or organs completely intact. In addition , we also attempt to eliminate appli- -

cants who may have psychopathological difficulties in the future. That appears basically the medical
standard in selection. But when we consider selection in the psychological arena , we no longer take
this approach. We deal with the probability of success in a training course; so, therefore, the approach
is totally different. Now, we all recognize that aircraft have changed . Therefore, we shoul d also make
changes in the selection process. Not only in selection per Se, but also changes in the method of stan-
dardized investigations that we must also apply. I would like to bring up a very recent example. In
France, we have recently correlated the EEG data with data received from the training schools. Note that
the EEG data were not pathological data. We found interesting results which suggest that medical selection
could perhaps be performed rather differently from the way it is done today. My point is to explain that
selectIon is also undergoing changes. We no longer base ourselves exclusively on psychometric tests as in
the past. In particular, we all know that data processing by the pilot is the thing of today, and there-
fore it is along these lines that our efforts should be directed. We should get rid of selection in the
old sense of the term. Selection Is undergoing great changes and , therefore, everything should also be
adapted to the new selection processes.

HARTMAN (U.S.): That is a very provocative point and one that calls for a considerable amount of debate.
New techniques--I think we need them. Selection in the process of changing--I agree. Throw out the old--
I want to think a little about that. However, this is only a personal opinion. 1 think with this last
comment by my French col league, we will terminate the round table discussion.
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